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UNIVERSAL 
PAL DEVICES 


16V8 
PALCE16V8H-5 
20S, J 
EE CMOS 
GAL'"Device 
Equivalent 
5 
125 
2-58 


PALCE16V8H·7 
20P, J 
7.5 
115 


PALCE16V8H-l0 
20P, S, J 
10 
115 
. 
PALCE16V8Q-l0 
10 
55 


PALCE16V8H-15 
15 
90 


PALCE16V8Q-15 
20P, J 
15 
55 


PALCE16V8H·25 
20P,S,J 
25 
90 


PALCE16V8Q·25 
20P, J 
25 
55 


PALCE16VSZ-15 
20P, J 
Zero-Power 
15 
0.015 
2-104 


PALCE16V8Z-25 
25 
0.015 


PALLV16VSZ-25 
20P, J 
3.3 V Zero-Power 
25 
0.015 
2-124 


PALLV16V8Z-30 
30 
0.015 


PALLV16V8-10 
20P, J 
3.3 V 
10 
115 
2-79 


PALCE16V8HD-15 
24P,28J 
High-Drive 
15 
115 
2-135 


20V8 
PALCE20V8H-5 
24S,28J 
GAL Device 
Equivalent 
5 
125 
2-214 


PALCE20V8H-7 
24P,28J 
7.5 
115 


PALCE20V8H·l0 
10 
115 


PALCE20VSQ-10 
24P, S, 28J 
10 
55 


PALCE20V8H-15 
24P,28J 
15 
90 


PALCE20V8Q-15 
15 
55 


PALCE20V8H-25 
25 
90 


PALCE20V8Q·25 
25 
55 


22Vl0 
PAL22Vl0-7 
24P,28J 
TIL 
Varied 
Term 
Distribution 
7.5 
220 
2-266 


PAL22Vl0-l0 
10 
180 


PAL22Vl0·15 
15 
180 


AmPAL22Vl0A 
25 
180 


PALCE22V10H-5 
28J 
EE CMOS 
Varied 
Term 
Distribution 
5 
115 
2-294 


PALCE22Vl0H-7 
24P, S, 28J 
7.5 
115 


PALCE22Vl 
OH-l 0 
10 
120 


PALCE22V1 
00-1 0 
24P,28J 
10 
55 


PALCE22Vl0H·15 
24P, S, 28J 
15 
90 


PALCE22Vloo·15 
24P,28J 
15 
55 


PALCE22Vl0H-25 
24P, S, 28J 
25 
90 


PALCE22Vloo·25 
24P,28J 
25 
55 


PALCE22V10Z-15 
24P, S, 28J 
Zero Power 
15 
0.015 
2·320 


PALCE22Vl0Z-25 
25 
0.015 


PALLV22V10Z-25 
24P, S, 28J 
3.3 V Zero-Power 
25 
0.015 
2-331 


24Vl0 
PALCE24Vl0H·15 
28P,J 
28·Pin 
GAL·Type 
15 
115 
2-345 


PALCE24Vl0H-25 
25 
115 


26V12 
PALCE26V12H-15 
28P, J 
Advanced 
22Vl0 
Macrocell 
15 
105 
2-360 


PALCE26V12H-20 
20 
105 


29M16 
PALCE29M16H·25 
24P,28J 
Advanced 
Macrocell 
25 
100 
2·377 


ASYNCHRONOUS 
PAL DEVICES 


610 
PALCE610H-15 
24P,28J 
EE CMOS 
J·K F/Fs, 
15 
90 
2-432 


PALCE610H·25 
Prog. CLK 
25 
90 


20RA10 
PALCE20RA 
1OH-20 
24P,28J 
Prog. CLK 
20 
100 
2-236 


29MA16 
PALCE29MA 
16H·25 
24P,28J 
Prog. CLK, 
25 
100 
2-399 
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STANDARD 
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16R8 
PAL 16L8-4 
28J 
TTL 
4.5 
210 
2-3 
PAL16R8-4 
PAL16R6-4 
. 
PAL16R4-4 


PAL16L8-5 
20P, J 
5 
210 
PAL16R8-5 
PAL16R6-5 
PAL16R4-5 


PAL16L8-7 
20P, J. D 
7.5 
180 
PAL16R8-7 
PAL16R6-7 
PAL16R4-7 


PAL16L8D/2 
20P, J 
10 
180 
PAL16R8D/2 
PAL16R6D/2 
PAL16R4D/2 


PAL16L8B 
20N. J. NL 
15 
180 
PAL16R8B 
PAL16R6B 
PAL16R4B 


PAL16L8B-2 
25 
90 
PAL16R8B-2 
PAL16R6B-2 
PAL16R4B-2 


PAL16L8A 
25 
180 
PAL16R8A 
PAL16R6A 
PAL16R4A 


PAL16L8B-4 
35 
55 
PAL16R8B-4 
PAL16R6B-4 
PAL16R4B-4 


20R8 
PAL20L8-5 
24P,28J 
5 
210 
2-121 
PAL20R8-5 
PAL20R6-5 
PAL20R4-5 


PAL20L8-7 
24P.28J. 
7.5 
210 
PAL20R8-7 
24D 
PAL20R6-7 
PAL20R4-7 


PAL20L8-10/2 
24P.28J 
10 
210 
PAL20R8-10/2 
PAL20R6-10/2 
PAL20R4-10/2 


PAL20L8B 
24NS.28NL, 
15 
210 
PAL20R8B 
24JS 


PAL20R6B 
PAL20R4B 


PAL20L8B-2 
25 
105 
PAL20R8B-2 
PAL20R6B-2 
PAL20R4B-2 


PAL20L8A 
25 
210 
PAL20R8A 
PAL20R6A 
PAL20R4A 


18P8 
AmPAL18P8B 
20P. J 
15 
180 
2-155 
AmPAL18P8AL 
25 
90 
AmPAL18P8A 
25 
180 
AmPAL18P8L 
35 
90 
22P10 
AmPAL22P10B 
24P,28J 
15 
180 
2-249 
AmPAL22P10AL 
25 
90 
AmPAL22P10A 
25 
180 
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reserves 
the right to make changes 
in its products 
without 
notice 
in order to improve 
design 
or performance 
characteristics. 


This publication neither states nor implies any warranty of any kind, including but not limited to implied warrants of merchantability 
or fitness 
for a rarticular 
application. AMD" assumes no responsibility for the use of any circuitry other than the circuitry in an AMD product. 


The illformation 
in this publication is believed to be accurate in all respects at the time of publication, but is subject to change without notice. 
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resulting from the use of the 
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Your fast time-to-market 
needs can now be met better than ever with PAL ~ devices 
from Ad- 
vanced 
Micro Devices, 
Inc. This new data book provides 
you with a truly diverse 
selection 
of low- 
power and high-performance 
CMOS solutions 
in addition to the highest performing 
bipolar 
prod- 


ucts in the industry. 
A number of Application 
Notes have also been included 
in order to make this 
data book a valuable 
design guide as well. 


For your high-density 
PLD requirements, 
please contact an AMD representative 
for our latest 
printing 
of the MACH~ 1 and 2 or MACH 3 and 4 Family Data Books. 


Thanks 
for selecting 
AMD. Remember, 
our partnership 
helps you gain and keep the competitive 
edge. We're not your competition. 
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~AMD 


Advanced 
Micro 
Devices 


Advanced 
Micro Devices offers the industry's widest variety of Programmable 
Logic 


Devices (PLDs), implemented 
in a variety of technologies. 
In this section, we will briefly 


discuss the device families, and look at the various architecture, 
speed, and power 
options. More specific device information 
can be found in the individual data sheets. 


Discussions 
on some of the special architectural 
features of many of the devices can 


also be found in their respective data sheets. 


There are six basic PLD areas addressed by Advanced 
Micro Devices' 
PLDs: 


• 
High-speed 
PAL(!!)devices 


• 
Universal 
PAL devices 


• 
Industry-standard 
PAL devices 


• 
Low-power 
PAL devices 


• 
Asynchronous 
PAL Devices 


• 
High-density 
PLDs 


The largest application 
area is that covered by the Programmable 
Array Logic (PAL) 


devices. There is a wide variety of PAL devices, ranging from simple devices that 
address general logic design problems to more sophisticated 
devices that deal with 


more complex problems. 


The area of high-density 
PLDs is addressed 
by the MACH(!!)devices which provide a 


PLD with thousands 
of gates and very high performance. 
The Macro Array CMOS 


High-density 
(MACH) devices are described briefly Chapter 3. Further information 
on 


AMD's MACH product line may be found by obtaining the MACH 1 and 2 Family Data 
Book (14051) and the MACH 3 and 4 Family Data Book (17466). MACH design 
assistance 
is available by obtaining the MACH Technical 
Briefs Manual (15972) and the 


MACH Devices Applications 
Handbook 
(17020). Development 
Assistance 
is available 
through the FusionPLDsM Partners Catalog (15585). 


HIGH·SPEED 
PAL DEVICES 


AMD offers the fastest PAL devices on the market today. We were the first to introduce 
the PAL device in 1978 and have been the first to market with volumes on all successive 
generations. 
As the market leader in the PLD arena, we fully expect to introduce even 
faster devices in the future. 


Currently, we have the bipolar TTL PAL 16R8 family of 20-pin devices in 5-ns speed 
grade and the PAL20R8 family of 24-pin devices, also in 5-ns speed grade, available in 
volume production. 
For extra performance 
we also have the 16R8 family at 4.5 ns, when 


packaged with the high-performance 
28-pin PLCC pinout. These families include, both 
registered 
(16R4, 16R6, 16R8, 20R4, 20R6, 20R8) and combinational 
devices (16L8, 
20L8). They are used in a wide variety of applications 
where performance 
and space 
are critical, often replacing SSI/MSllogic 
circuits. For applications 
where the absolute 
fastest devices are not needed, other speed grades are offered at a lower cost and/or 
lower power consumption. 


AMD's Electronically 
Erasable (EE) CMOS process also provides high-speed 
universal 
PAL devices. The PALCE16V8, 
PALCE20V8, 
and PALCE22V10 
have a 5-ns version; 


most other EE CMOS devices have a 7.5- or 10-ns tPD,while using half or even a 
quarter of the power required by their bipolar equivalents. 


Tabl~ 1-1 


Functional 
Description 
Commercial 
Specifications 


Part 
Pin 
Array InpuIs 
Array OUlpUIS 
Prod. Terms 
Spd/Pwr 
1.0 
'''AX· 
lee 
Num?er 
Count 
bldlr. 
dedctd. 
reg. fdbk. 
reg. 
comb. 
macrocell 
per Output 
Options 
(ns) 
(MHz) 
(mA) 


PAL16L8 
20 
6 
10 
- 
- 
8 
- 
7 
-4 
4.5 
125 
210 


PAL16R8 
20 
- 
8 
8 
8 
- 
- 
8 
-5 
5 
117 
210 


PAL16R6 
20 
2 
8 
6 
6 
2 
- 
7-<1 


PAL116R4 
20 
4 
8 
4 
4 
4 
- 
7-<1 


PALCE16V8 
20 
0-<1 
8-10 
8--<l 
- 
- 
8 
7-<1 
H-5 
5 
142.8 
125 


PAL~OL8 
24 
6 
14 
- 
- 
8 
- 
7 
-5 
5 
117 
210 


PAL~OR8 
24 
- 
12 
8 
8 
- 
- 
8 


PAL~OR6 
24 
2 
12 
6 
6 
2 
- 
7-<1 


PAL~OR4 
24 
4 
12 
4 
4 
4 
- 
7-<1 


PALqE20V8 
24 
0-<1 
12-14 
8--<l 
- 
- 
8 
7-<1 
H-5 
5 
142.8 
125 


PALqE24V10 
28 
0-10 
14-16 
10--<l 
- 
- 
10 
7-<1 
H-15 
15 
45.5 
115 


PALCE22V10 
24 
0-10 
12 
10--<l 
- 
- 
10 
8-16 
H-5 
5 
142.8 
115 


PAL~2V10 
24 
0-10 
12 
10--<l 
- 
- 
10 
8-16 
-7 
7.5 
91 
220 


PALCiE610 
24 
0-16 
4 
16--<l 
- 
- 
16 
8 
H-15 
15 
45.5 
90 


UNIVERSAL 
PAL DEVICES 


Have your design needs included a non-standard 
mix of inputs and outputs or choosing 
a variable number of combinatorial/registered/latched 
inputs and/or outputs for the given 
application? 
How about stocking only one or two PLDs to reduce your inventory 
costs? 


The solution to your problem is AMD's family of universal PAL devices. We pioneered 
the concept of user-programmable 
output logic macrocells 
with the PAL22V10. 
With this 
macrocell, 
you can configure an output for combinatorial 
or registered 
operation 
and 
active-low 
or active-high 
polarity. This is what makes the PAL22V10 
universal, for it can 
substitute 
for virtually all of the standard 24-pin PAL devices on the market. The 
PALCE26V12 
is a 28-pin version which provides more inputs and outputs for those 
designs that don't quite fit into a PAL22V10. 


But we did not stop there. A second new feature pioneered with the PAL22V10 
is 
variable product term distribution; 
the 10 outputs on this device are arranged in pairs 
with 16, 14, 12, 10 or eight product terms on each output. With up to 16 product terms, 
the PAL22V10 can implement far more complex logic functions than can be supported 
by other 24-pin devices. No wonder the PAL22V10 is the most popular PAL device on 
the market today. And now both faster (7.5 ns, 91 MHz) and reprogrammable 
low-power 
CMOS (7.5 ns at 130 mA; 15 ns at 55 mAl versions are available from AMD. 


The PALCE16V8 
and PALCE20V8 
are EE CMOS universal devices that have the 
additional 
capability of directly taking the designs of standard 20- and 24-pin PAL 
devices, 
respectively. 
They provide a cost-effective 
means of reducing inventory, 


lowering power, and reducing risk. The PALCE24 V10 extends this architecture 
to 
28 pins. 


The PALCE61 0 adds to the basic macrocell by providing 
16 I/O macrocells 
that can be 
configured 
with D, T, J-K, or S-R flip-flops. 


The PALCE29M16 
further enhances the macrocell concept. 
Its macrocell can be an 
input or an output macrocell that can be configured three ways: combinatorial, 
latched or 
registered. 
Sixteen of these macrocells 
are available in a 24-pin 300-mil package. 
And 
eight of the macrocells 
can be buried, allowing the connecting 
pins to be used as 
dedicated 
inputs. The PALCE29M16 
also offers variable product term distribution. 


For those applications 
where registers and latches are not needed, the AmPAL 18P8 
(20 pins) and AmPAL22P1 0 (24 pins) are ideal. These PAL devices with programmable 
polarity can flexibly replace almost all standard 20- and 24-pin combinatorial 
PAL 
devices. As a result, they significantly 
reduce your inventory. They are available in 
several speed-power 
grades to meet most application 
requirements. 
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Tab e 1-2 
Universal PAL Devices 


Functional 
Descrlpllon 
Commercial 
Speclflcallons 


ParI 
Pin 
Array Inputs 
Array Outputs 
Prod. Terms 
Spd/Pwr 
Ip. 
1MAJ(" 
Ice 
Nun ber 
Counl 
bldlr. 
dedcld. 
reg.ldbk. 
reg. 
comb. 
macrocell 
perOutpul 
Options 
(ns) 
(MHz) 
(mA) 


'T'M 


20 
0-8 
8-10 
8-0 
- 
- 
8 
7-8 
H-5 
5 
142.8 
125 


H-7 
7.5 
100 
115 


0-10 
10 
66.7 
55 


H-10 
10 
66.7 
115 


0-15 
15 
45.5 
55 
, 
H-15 
15 
45.5 
90 


0-25 
25 
37 
55 


H-25 
25 
37 
90 


PALCE20V8 
24 
0-8 
12-14 
8--{) 
- 
- 
8 
7-8 
H-5 
5 
142.8 
125 


H-7 
7.5 
100 
115 


0-10 
10 
66.7 
55 


H-10 
10 
66.7 
115 


0-15 
15 
45.5 
55 


H-15 
15 
45.5 
90 


0-25 
25 
37 
55 


H-25 
25 
37 
90 


PAL 
E24V10 
28 
0-10 
14-16 
10--{) 
- 
- 
10 
7-8 
H-15 
15 
45.5 
90 


H-25 
25 
37 
90 


PAL 
E22V10 
24 
0-10 
12 
10--{) 
- 
- 
10 
8-16 
H-5 
5 
142.8 
115 


H-7 
7.5 
100 
115 


0-10 
10 
83.3 
55 


H-10 
10 
83.3 
120 


0-15 
15 
50 
55 


H-15 
15 
50 
90 


Z-15 
15 
50 
0.015 


0-25 
25 
33.3 
55 


H-25 
25 
33.3 
90 


PAL22V10 
24 
0-10 
12 
10--{) 
- 
- 
10 
8-16 
-7 
7.5 
91 
220 


-10 
10 
71 
180 


-15 
15 
50 
180 


A 
25 
28.5 
180 


PALFE20RA 10 
24 
10 
10 
- 
- 
- 
10 
4 
H-20 
20 
37 
90 


PALCE26V12 
28 
0-12 
14 
12--{) 
- 
- 
12 
8-16 
H-15 
15 
50 
105 


H-20 
20 
40 
105 


PALfE610 
24 
0-16 
4 
16--{) 
- 
- 
16 
8 
H-15 
15 
45.5 
90 


H-25 
25 
37 
90 


PAL~E29M16 
24 
8-16 
5 
16-8 
- 
- 
16 
8-16 
H-25 
25 
28.5 
100 


Am~AL18P8 
20 
8 
10 
- 
- 
8 
- 
8 
B 
15 
- 
180 


A 
25 
- 
180 


AL 
25 
- 
90 


L 
35 
- 
90 


Am1AL22P10 
24 
10 
12 
- 
- 
10 
- 
8 
B 
15 
- 
180 


A 
25 
- 
180 


AL 
25 
- 
90 
. 
I • 
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INDUSTRY·STANDARD 
PAL DEVICES 


As we have increased speed on the TIL 
PAL devices, we have also reduced the power 


consumption 
on the slower devices by as much as 75 percent. As a result, both the 


industry-standard 
20-pin and 24-pin PAL device families are available in a variety of 


speed and power grades. This allows the designer to select the optimum performance 
at 


the lowest possible cost and power consumption. 
These 20-pin and 24-pin devices are 


used in applications 
where the advantages 
of reduced package count, such as higher 
reliability and lower power consumption, 
improve the overall price-performance 
of the 


end-product. 
Often these benefits are realized by replacing Schottky, ALS, LS and some 


CMOS SSI/MSllogic 
circuits with these PAL devices. 


Functional 
Description 
Commercial 
Specifications 


Part 
Pin 
Array Inputs 
Array Outputs 
Prod. Terms 
SpdJPwr 
t,. 
fWAx· 
lee 
Number 
Count 
bidir. 
dedctd. 
reg. fdbk. 
reg. 
comb. 
macrocell 
per Output 
Options 
(ns) 
(MHz) 
(mA) 


PAL 16L8 
20 
6 
10 
- 
- 
8 
- 
7 
B 
15 
- 
180 


PAL16R8 
20 
- 
8 
8 
8 
- 
- 
8 
B-2 
25 
25 
90 


PAL16R6 
20 
2 
8 
6 
6 
2 
- 
7--B 
A 
25 
25 
180 


I 
PAL16R4 
20 
4 
8 
4 
4 
4 
- 
7--B 
B-4 
35 
16 
55 


PAL20L8 
24 
6 
14 
- 
- 
8 
- 
7 
B 
15 
- 
210 


PAL20R8 
24 
- 
12 
8 
8 
- 
- 
8 
B-2 
25 
25 
105 


PI\L20R6 
24 
2 
12 
6 
6 
2 
- 
7--B 
A 
25 
25 
210 


PAL20R4 
24 
4 
12 
4 
4 
4 
- 
7--B 
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LOW·POWER 
PAL DEVICES 


AMD is the only major supplier of programmable 
logic devices to offer a broad line of 


low-power 
CMOS devices. And we are the only PLD supplier with such a comprehen- 


sive CMOS programmable 
logic line. 


There are two basic types of CMOS PAL devices: those that dissipate essentially 
no 
power when in a quiescent state, and faster devices which draw nominal current even 
when quiescent. 
Devices are thus classified as "zero-power" 
or "quarter-power." 


Zero-power 
PAL devices are particularly 
suited for products that are portable or battery 


operated. 
In a standby mode they consume less than 15 ~A. Quarter-power 
CMOS 
devices can cut system power consumption 
50 percent by replacing equivalent 
CMOS 
PAL devices. The PALLV16V8 
and PALLV22V10 
are devices designated 
to operate at 
3.3 V for battery-operated 
applications. 


Tab e 1·4 
Low·Power PAL Devices 


Functional 
Description 
Commercial 
Specifications 


Part 
Pin 
Array Inputs 
Array Outputs 
Prod. Terms 
Spd/Pwr 
to. 
f••.•.x· 
Ice 
Num,ber 
Count 
bldlr. 
dedctd. 
reg.ldbk. 
reg. 
comb. 
macrocell 
per Output 
Options 
(ns) 
(MHz) 
(mA) 


PAL ' E16V8 
20 
O-a 
8-10 
8-0 
- 
- 
8 
7-a 
0-10 
10 
66.7 
55 


0-15 
15 
45.5 
55 


Z-15 
15 
45.5 
0.015 


0-25 
25 
37 
55 


Z-25 
25 
33.3 
0.015 


PALr16V8 
-10 
10 
66.7 
90 


Z-25 
25 
33.3 
0.015 


Z-30 
30 
22 
0.015 


PALjE22V10 
24 
0-10 
12 
10-0 
- 
- 
10 
8-16 
0-15 
15 
50 
55 


Z-15 
15 
50 
0.015 


0-25 
25 
33.3 
55 


Z-25 
25 
33.3 
0.015 


PAL~V22V10 
Z-25 
25 
33.3 
0.015 


'fMA) is defined as 1/ ts + teo for the external feedback. 
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ASYNCHRONOUS 
PAL DEVICES 


Currently AMD makes three devices that support asynchronous 
and bus interface 


applications. 


The PALCE20RA10 
is optimized for asynchronous 
applications. 
It contains ten D-type 


flip-flops. driven by a PAL array. Each flip-flop has individually 
programmable 
Clock, 


Reset and Preset product terms. With such features, this device is well suited to 
replacing glue logic in your system. 


The PALCE29MA16 
combines some of the advantages 
of the PALCE29M16 
with the 


advantages 
of the PALCE20RA 10. It has one dedicated Clock/Latch 
Enable input as 


well as product terms for each of the 16 macro cells to allow individual clocking, asyn- 
chronous 
Reset and asynchronous 
Preset. It also features variable product term 
distribution. 
To top it off, the PALCE29MA16 
is electrically 
reprogrammable 
in a plastic 
300-mil package. 


The PALCE61 0 is a general purpose PLD. It has 16 independently-configurable 
macrocells. 
Each macrocell can be configured as either combinatorial 
or registered. 
The 
registers can be 0, T, J-K or S-R type flip-flops. The device has 4 dedicated 
input pins 
and 2 clock pins. Asynchronous 
clocking is available since each clock pin controls 8 of 
the 16 macrocells. 


Functional 
Description 
Commercial 
Specifications 


Pa t 
Pin 
Array Inputs 
Array Outputs 
Prod. Terms 
Spd/Pwr 
b. 
'MAX· 
lee 
Number 
Count 
bldlr. 
dedctd. 
reg. fdbk. 
reg. 
comb. 
macrocell 
per Output 
Options 
(ns) 
(MHz) 
(mA) 


PALCE20RA10 
24 
10 
10 
- 
- 
- 
to 
4 
H-20 
20 
50 
90 


PAiLCE29MA16 
24 
8-16 
5 
16-a 
- 
- 
16 
4-12 
H-25 
25 
28.5 
100 


P LCE610 
24 
0-16 
4 
16-<> 
- 
- 
16 
8 
H-15 
15 
45.5 
90 
H-25 
25 
37 
90 
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Sleeting 
the Correct CMOS PLD-An 
Overview 


of Advanced Micro Devices' CMOS PLDs 


Application Note 
by ,*eve 
Holte, Applications 
Engineer 


IN~ROOUCTION 


The [purpose of this application 
note is to provide 
a sur- 


vey pf AMD's 
CMOS 
PLDs (Programmable 
Logic De- 


vice~). This 
includes 
both 
PAL (Programmable 
Array 


Logif:)devicesandthemoregeneralrealmofPLDstowhich 
PALIdevices belong. Withthe proliferation 
of parts the se- 


lecti~nofthe 
best PLDforyour 
application 
may seemdiffi- 
cult.1lfyou are anew PLD user, thisoverviewwillguide 
you 


thrO~gh the wide varietyof 
different device architectures, 
spe 
d, and power grades. This tutorial should increase 


you 
nderstandingofthebasiccharacteristicfeaturesthat 
make a device 
appropriate 
for a given application. 


FigJe 
1 shows 
a "CMOS 
PAL Selection 
Route Map." 
Thi;can 
be used as a convenient 
model of the discus- 


sion throughout 
this paper. It can also be used as a ref- 


ere 
ce guide 
when 
you 
are 
selecting 
a PLD 
for 
a 
particular 
application. 


ThJ Benefits of AMO's CMOS PLOs 


B~f~lre addressing 
individual 
products, 
it is important 
to 


und 
rstand 
why 
CMOS 
technology 
is used 
in PLDs. 
The e are two universal 
benefits of AMD's CMOS PLDs: 
ele 
rical erasability 
and low power. 


Elebtrical Erasability 


Bec~use 
PLDs are programmable, 
electrical 
erasability 
is prpbably 
the most important 
advantage 
that CMOS 
tecTo 
logy 
can 
bring. 
AMD's 
electrically-erasable 
CM~eS has benefits 
that make it superior 
to both UV- 
erasrble 
CMOS and bipolar technologies. 
The most im- 


portCjlnt advantage 
is the 
ability 
to erase 
the 
device 
electrically 
in a matter of seconds 
as opposed 
to hours 
for ~V-based 
technologies, 
and not at all in the case of 


bip~lar. The chief benefit to the user is a very high quality 
device. This is realized 
through 
the ability to erase and 


repr?gram 
the device 
many times at various test points 
in the factory. 
In fact, the quality is so good that program- 


ming and post-programming 
functional 
rejects are virtu- 


ally non-existent. 


A second 
major 
benefit 
of electrical 
erasability 
is the 


ease of reprogramming 
the device 
by the user. 
This 


saves time when prototyping, 
and allows for recovery of 


large 
volumes 
of 
devices 
that 
may 
need 
to 
be 


reprogrammed 
for a variety 
of reasons, 
such 
as mid- 


production 
bug fixes. Erasure takes place automatically 


by the device programmer, 
and is completely 
transpar- 


ent to the user. 


Low Power 


The most well-known 
attribute 
of CMOS 
is low power 


consumption. 
All PALCE 
(Programmable 
Array 
Logic 


CMOS Electrically-Erasable) 
devices are offered in half- 


power versions; 
they require at most half the supply cur- 


rent of their first-generation 
bipolar counterparts. 
Some 


devices are also offered in quarter-power 
versions. 
This 
is achieved 
by taking the latest process technology 
and 


designing 
to favor 
even 
lower power 
over the fastest 


speed possible. 


CMOS uses less current than bipolar 
because 
most of 


the current 
flow only takes place while the transistors 


are 
actually 
switching. 
With 
bipolar, 
current 
flows 


through 
the transistors 
all the time. 
AMD's 
half- and 


quarter-power 
CMOS devices take advantage 
of this as 


much as possible. 
However, 
in order to achieve 
high 


speed it is necessary 
to operate some transistors 
on the 
chip in the linear region. Because 
this circuitry 
is essen- 


tially always switching, 
the power consumption 
does not 


go to zero as it would in a conventional 
CMOS device. 


Lower 
power 
requirements 
are ideal 
for applications 


which 
have tight power 
budgets, 
such as mobile tele- 


communications. 
Smaller 
power 
supplies 
also reduce 


cost and lowers heat dissipation. 
This results in smaller 


cooling fans, or perhaps 
no fan at all. It also allows the 
system 
designer 
to pack everything 
even tighter 
since 


less empty space is needed for air circulation. 
This can 


make the circuit 
board fit in a smaller 
package, 
again 


reducing cost. 
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Global 
Clocks 
& 
Resets/Presets 
Individual 
Macrocell 


Clocks 
& Resets/Presets 


~ore 
PTs 


I/Os 
20V8 
517 .5/1 0/15/25 
ns 


More 
PTs 
& I/Os 


24V10 
15/25 ns 


More 
1I0s 
Density 
& 
Speed 


MACH'M 
Family 
10/1 2/15/20 
ns 


29M16 
25 ns 


ore Flexibility Means Choice of: 


J ,SR, T & 0 Flipflops, liP & OIP Macrocells, Latch or Reg. Macrocells 
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Zero-Power 


SOrTIedevices 
are also offered 
in zero-standby 
power 


ver:1ons. Instead of always operating 
certain transistors 


in the linear region to achieve 
high speed, this circuitry 


can shut down and the device goes into standby 
mode. 


Standby 
mode is defined 
as anytime the inputs do not 


switch for an extended 
period of time (typically 50 ns). 
When this happens the current consumption 
will almost 


go to zero (Ice < 151lA). The outputs 
will maintain 
the 


current 
state held while the device is in standby 
mode. 


Wh~n any input switches, the internal circuitry is fully en- 
ableCl and the power 
consumption 
returns 
to normal. 


This feature 
results 
in considerable 
power 
savings for 


operation 
at low to medium frequencies. 


Zero-standby 
devices are desirable 
for a number of rea- 
sons. In portable 
and field-installed 
equipment 
that rely 


on datteries, 
battery 
life is extended. 
In solar powered 


systems, 
fewer solar cells are required. 


The Selection Process 


When selecting a CMOS PLD, start by determining 
both 


the 
functional 
and 
size 
requirements 
for 
your 


application. 


Functional Requirements 


The functional 
requirements 
of a given application 
are 


what 
determine 
which 
device 
architecture 
should 
be 


used. The functional 
criteria 
include such issues as the 


clocking 
scheme, 
macrocell 
flexibility 
and output drive. 


The clocking 
scheme 
can be synchronous, 
where 
qll 


registers 
within a device 
use the same clock signal, or 


asynchronous, 
where each register can be clocked indi- 


vidually 
using any logic signal 
or combination 
of logic 


signals available 
to the device. 
These two alternatives 


are illustrated 
in Figure 2. 


b. 
Registers 
with 
Asynchronous 
Clocking 


Figure 
2. 
Basic 
Clocking 
Schemes 


Macrocell 
flexibility 
refers to the ability to configure 
the 
output in various ways. A macrocell 
(Figure 3) takes the 
basi.1 sum-of-products 
logic 
and 
adds 
functionality 
thr0'1gh 
features 
like storage 
elements, 
optional 
path 


controls, polarity, and feedback. 
This concept will be fur- 


ther illustrated 
as each device 
macrocell 
is explained 


throughout 
the selection 
process. 


Si e Requirements 


Th 
combination 
of number 
of inputs and outputs 
re- 


qu red determines 
the device size that should be used. 


Th 
number 
of product 
terms 
required 
to implement 
a 


pa 
icular design 
also factor into this decision. 


Th 
best approach 
to selecting the appropriate 
device is 


to~egin 
with the simplest 
and smallest devices 
and up- 


gr de as necessary 
to accommodate 
your application. 


C mbinatorial and Synchronous 
A ' plications 


St 
rting fromthetopof 
the flowchart 
in Figure 1 and tak- 


in 
the path for synchronous 
designs 
leads one to those 


AMD~ 


devices 
best suited for simple state machines, 
encod- 


ers, decoders, 
muxes, 
and similar 
logic 
applications. 


For these applications, 
D-type registered 
or combinato- 


rial (non-registered) 
logic is needed. 
The first choice 
is 


the PALCE16V8, 
PALCE20V8, 
or PALCE24V10, 
de- 


pending 
on the number 
of inputs 
or outputs 
needed. 


The 
macrocells 
(Figure 
4) can be configured 
to use 


combinatorial 
or D-type registered 
outputs in any combi- 


nation. The D-type register 
operates 
very simply; data 


presented 
at the D input of the register 
will be clocked 


into the register 
on the rising edge of the clock signal. 


The output 
can be configured 
as active 
low- or active 


high-output 
depending 
on 
the 
requirements 
of 
the 


downstream 
devices 
and the efficiency 
of the logic. 


OE 
Vcc 


To 


Adjacent 
Macrocell 


From 
Adjacent 
Pin 
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More Product Terms and 110's 


If 
t~ 
application 
requires 
the 
features 
of 
the 


PAL 
E16V8 macrocell, 
but requires 
more programma- 


ble g te functions, 
move further down the flowchart. 
The 


next 
evice, the 
PALCE22V10 
(Figure 
5) has varied 


product term distribution. 
The number of product terms 


varies 
among 
outputs, 
with up to 16 product 
terms on 


some 
outputs. 
In addition, 
it has global 
synchronous 


preset 
and asynchronous 
reset product 
terms. 
These 


are connected 
to all macrocells 
configured 
as registers, 
facili~ating easy power-up 
and system reset. This versa- 


tilitYJ,0ntributes 
significantly 
to the 
22V10 
being 
the 


worl 
's most popular 
PAL architecture. 
When combined 


with lhe PALCE16V8 
family, these two device families 


will likely handle about 80% of PLD applications. 


The PALCE26V12, 
a 28-pin 
version 
of the 22V10 
in- 


creases 
versatility 
by adding 
more inputs and outputs. 


and by adding another global clock. Any macrocell 
can 


use one of the two clocks. This allows the logic to be par- 
titioned giving greater design flexibility. 
In addition, 
reg- 


istered outputs 
can be configured 
as bidirectional 
pins 


on the 26V12. 


Since historically 
most applications 
in bipolar 
technol- 


ogy 
had 
been 
done 
in 
PAL 16R8, 
PAL20R8, 
and 


PAL22V10 
families, 
these 
types 
of applications 
can 


easily have their power lowered with half-, quarter-, 
and 


zero-power 
versions 
of the PALCE16V8, 
PALCE20V8, 


or PALCE22V10. 


Devibe 
Macrocell 
Dedicated 
Product 
Type 
Inputs 
I/O's 
Clocks 
Terms 


PALCE16V8 
16V8 
8-10 
8 
1 
7-8 


PALCE20V8 
16V8 
10-12 
8 
1 
7-8 


PALCE24V10 
16V8 
14 
10 
1 
7-8 


PALGE22V10 
22V10 
12 
10 
1 
8-16 


PAL<'(E26V12 
22V10 
14 
12 
2 
8-16 
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Table 
2. Summary 
of the Speed 
and Power 


R qulrements 
for the PALCE16V8, 
PALCE20V8, 
and PALCE22V10 
Families 
of Devices 


o vice and Speed Grade 


P ,LCE16V8H-5 


P ,LCE16V8H-7/-10 


P ,LCE16V8H-15/-25 


P LCE16V8Q-15/-25 


P ,LCE16V8Z-25 


P LCE20V8H-5 


P LCE20V8H-7/-10 


P LCE20V8H-15/-25 


P LCE20V8Q-15/-25 


P LCE22V10H-5 


P LCE22V10H-7 


P LCE22V10H-10 


P LCE22V10H-15125 


P LCE22V1oo-25 


P, LCE22V10Z-25 


Ice 


125 mA static 


115 mA at 25 MHz 


90 mA at 15 MHz 


55 mA at 15 MHz 


15 JlA in standby mode 


125 mA static 


115 mA at 25 MHz 


90 mA at 15 MHz 


55 mA at 15 MHz 


140 mA at 25 MHz 


140 mA at 25 MHz 


120 mA at 25 MHz 


90 mA static 


55 mA static 


15 JlA in standby mode 


B s Applications 


Fo 
applications 
that 
require 
bus 
interaction, 
the 


PA 
CE16V8HD 
features 
64 mA low-output 
and 16 mA 


high-output 
drive capability. 
This compares 
to 24 mA 


low-output 
and 
3.2 
mA 
high-output 
drive 
for 
other 


PALCE16V8 
devices. 
The 
PALCE16V8HD 
also 
has 


some unique macrocell 
features. 
Because this device is 


designed 
to drive a bus, it can be configured 
with open- 


drain 
outputs. 
Open-drain 
(open-collector) 
configura- 


tion is sometimes 
used in bus applications 
because 
it 


provides 
controlled 
VOH, termination, 
and wire-NOR 


capability. 
Because 
the PALCE16V8HD 
is designed 
to 


take 
inputs 
directly 
from 
a noisy 
bus, all inputs 
have 


200 mV input threshold 
hysteresis 
to improve 
noise im- 


munity. 
The 
inputs 
can 
be 
configured 
as direct 
or 


latched, 
making 
additional 
buffering 
devices 
unneces- 


sary. Additionally, 
the macrocell 
can be configured 
as 


either a D- or T-type register. The T-type register is more 
efficient for counter applications 
because 
fewer product 


terms are consumed 
as hold states. 


Complex Functions 


Forthose 
applications 
that require D, T, J-K, or S-R reg- 


ister capability, 
the PALCE610 
(Figure 6) has this flexi- 


bility. This device 
has 16 macrocell 
outputs 
and four 


dedicated 
inputs. 
The J-K, S-R, and T registers 
allow 


easy 
implementation 
of 
counters 
and 
larger 
state 


machines. 
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More Flexibility 


Movi1ngdown to the bottom of the flow chart reveals a 
mor~lexible 
device than the PALCE610. Applications 


that, ~~ake use of embedded. 
or buried. registers can 


take advantage of the PALCE29M16 
(Figure 7). Buried 


register operation is very useful when a state machine 
uses state bits that do not need to be brought outside the 
chip. This allows the pin associated with the macrocell to 


be available as an input. Eight of the 16 macrocells have 
dual feedback capability. This means that these macro- 
cells have two independent feedback paths: one from 
the register and one from the I/O pin. The other eight 
macrocells have single feedback, where both paths are 
available but, only one or the other can be used. Since 
almost every pin is an I/O pin this device has 29 avail- 
able inputs to the programmable 
AND array. 


---rl_------------------- 


CL~LE 


~1~ 
.1~6;-~s;;e:l:e:ct::l:n::gt:he:-:C:::o:-::r~rec~t-:C::M:O=S-:P::L-:D-=--:A-n--Ov-e-rv-Ie-w-o-f-A-d-v-a-n-c-e-d-M-I-c-ro-o-e-v-ic-e-s-' 
-C-M-O-S-P-L-O-S---- 


Th~ macrocells 
(Figure 8) can be configured 
as latches 


or registers. 
Latch operation 
allows the flip-flop 
in the 


macrocell 
to become 
transparent 
while the latch is en- 


ablkd. When the latch is disabled, 
the flip-flop will hold 


the current state. This kind of operation 
is useful in sam- 


ple and hold applications. 
Also, the register or latch may 


be used with the macrocell 
input pin for synchronizing 


signals. 
The active level of the latch enable, 
as well as 


the clock edge (rising or falling) are both programmable. 


Uk? the PALCE22V1 
0, there is varied product term dis- 


trib~tion 
among the macrocells. 
Also, preload capability 


COMMON 
VQ£PIN 


DE PTs FOR BANKS 
{ 
OF 4 MACROCELLS 


COMMON 


ASYNCHRONOUS 
PRESET 


COMMON 


ASYNCHRONOUS 
RESET 


is available 
using 
a global 
product 
term to define 
the 


preload 
condition. 
Preload 
capability 
allows 
arbitrary 


states to be loaded 
directly 
into the register, 
making 
it 


unnecessary 
to cycle through 
long, complex 
vector se- 


quences 
to get the device 
in a particular 
state. This is 


normally 
only 
performed 
by the 
device 
programmer 


when it performs 
functional 
tests. The preload 
product 
term allows preload to be engaged 
by hand. without the 


need for supervoltages 
(voltages 
above Vcc needed to 


engage preload on most PLDs). 
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As nchronous Applications 


Sta ,ing at the top of the flow chart again, but this time 
taki 
g the path for asynchronous 
applications, 
you will 


find 
ALCE20RA10. 
The 
PALCE20RA10 
is the sim- 


ples 
of the 
asynchronous 
devices. 
Each 
macrocell 


(Fig 
re 9) is clocked 
individually 
using one product term 


per 
acrocel!. Also, reset, preset, and output enable are 


cont oiled 
individually 
with 
one 
product 
term 
each. 
The e is also a global output enable 
pin which 
is com- 


bine 
with the product 
term enable to determine 
if the 


outp 
t is enabled 
or disabled. 


A de 
icated global preload pin allows all registered 
ma- 


crOJIlS 
to be preloaded 
simultaneously 
using normal 


TIL 
levels. 


The PALCE610 
has the distinction 
of bridging 
the gap 


bet 
een synchronous 
and asynchronous 
registerclock- 


ing. 
he PALCE61 0 macrocells 
can be clocked via indi- 
vidu 
I 
product 
terms 
for 
each 
macrocell, 
or 
the 


mac ocells can be clocked in banks of eight via two dedi- 
cate 
clocks. 
This is done by using a clOCk/output en- 


able mux (Figure 
10). If the macrocell 
is configured 
as 


combinatorial 
or as a synchronous 
register, 
output en- 


able/disable 
is controlled 
by a product term. If asynchro- 


nous register mode is desired, the same product term is 
used as a clock and the macrocell 
is always enabled. 


As mentioned 
above, the PALCE610 
can act as a syn- 


chronous 
or asynchronous 
PAL device. 
As shown, 
a 


special function 
product term can be steered to control 


either the output enable orthe macrocell 
clock. In the lat- 


ter mode, each register can be individually 
clocked. 


If your application 
requires 
the basic 
features 
of the 


PALCE29M 
16, except with individual 
macrocell 
control, 


the PALCE29MA16 
(Figure 
11) should be considered. 


Four product terms in each macrocell 
are dedicated 
to 


control 
clocking, 
output 
enable, 
asynchronous 
reset, 


and 
asynchronous 
preset. 
These 
functions 
are con- 


trolled either globally or in blocks on the PALCE29M16. 
A common clock pin and output enable pin are still main- 
tained, but the user has a choice of using either the com- 
mon control 
pin or individual 
macrocell 
control 
via the 


control 
product term. 


Figure 10. PALCE610 Macrocell (Configured as aD-Register) 
with the Output Enable/Clock Mux 


COMMON 
ClKiIT (PIN) 


INDIVIDUAL 
ClKir£ 


COMMON 
v6£" PIN 


INDIVIDUAL 
OE 


INDIVIDUAL 
ASYNCHRONOUS 
PRESET 


INDIVIDUAL 
ASYNCHRONOUS 
RESET 


TO AND ARRAY 


TOANO 
ARRAY 
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MACH Devices 


At the bottom 
of the flow chart, both the synchronous 


and 
asynchronous 
design 
paths 
converge 
into 
the 


MAOH Family. MACH devices extend AMO's PLO offer- 
ings Into the realm of what is referred to as mid-density. 
Mid-density 
devices allow multiple smaller PLO designs 
to be consolidated 
into one device. 
Mid-density 
covers 
replacement 
of just a couple of smaller PAL devices, 
all 


the way up to designs 
that would traditionally 
be done 


with small gate arrays. These devices 
span from 900 to 


3600 gates, with 32 to 64 macrocells, 
and are offered in 


44- to 84-pin packages. 


MACH devices 
use PAL blocks that are interconnected 


using a switch matrix. The members 
of the families 
are 


differentiated 
by the number of pins, macrocells, 
clocks, 


and the amount of interconnect. 
The MACH 1 family has 


output 
macrocells; 
the MACH 2 family 
has output 
and 


buried 
macrocells. 
All signals, 
whether 
registered 
or 


combinatorial 
can be buried. The basic macrocell, 
com- 


mon to both families 
resembles 
the PALCE22V10 
mac- 


rocell with the additional 
choice 
of using 0- or T-type 


registers. 
The MACH210 
is illustrated 
in Figure 12. 


10-11, 


1/00-1/07 
1/08-1/0,s 
13-14 


8 
8 


8 
8 
2 


OE 
OE 


44 x 68 
44 x 68 
4 
AND Logic Array 
AND Logic Array 
and 
and 
Logic Allocator 
Logic Allocator 


22 
22 


Switch Matrix 


22 
22 


CLKoIl2, 


CLK1/ls 


80 h synchronous 
and 
asynchronous 
versions 
are 


available. 
The 
asynchronous 
MACH215 
macrocell 


100kLsmore like a PALCE20RA 
10 macrocell, 
rather than 
PA CE22V10 
type 
macrocells. 
The synchronous 
de- 


vices are better suited to structured 
designs; 
the asyn- 
chronous 
MACH215 
is better 
suited for random 
logic 


colection. 


All MACH devices 
have the advantage 
of fast (10, 12, 
15, and 20 ns), predictable 
timing, which is a unique ad- 


vantage when compared 
to other mid-density 
PLOs. 


SUMMARY 


Selecting the appropriate 
PLO for a given application 
in- 


volves matching 
your requirements 
with various device 


capabilities. 
Following the guidelines 
in this article along 


with the "CMOS 
PAL Selection 
Route 
Map" 
makes 
it 


easier. 


AMO's wide array of electrically-erasable 
CMOS 
PLOs, 


combined 
with strong 
third 
party 
support 
through 
our 


FusionPLOsM 
relationships, 
means 
an excellent 
selec- 


tion of devices, 
software, 
and programming 
hardware. 


This gives you a virtual toolbox of solutions 
for your sys- 


tem logic requirements, 
along with the strong technical 


support you expect. 


COMMERCIAL PLDs FOR INDUSTRIAL 
APPLICATIONS 


~ 
Advanced 
Micro 
Devices 


Customers 
have expressed an interest in using AMD programmable 
logic devices over 
the industrial temperature 
range. To serve your need, we recommend 
the following: 


1. Use any standard commercial device from the following family datasheets: 


PALCE16V8 
PALCE20V8 
PALCE22V10 
PALCE610 


2. Slow down all commercial 
timing parameters 
by 20%. 


3. Add 20 mA to the commercial 
Ice. 


All standard AMD warranties will apply to products used as noted above at Vee of +5 V 
±10% over the temperature 
range of -40°C 
to 85°C. 


This approach will allow you to use broadly available commercial 
devices to fill your 
industrial temperature 
needs at no price premium. We are able to assure the perform- 


ance to specification 
of these products since they are characterized 
and monitored 
over 
the full military temperature 
range (-55°C 
to 125°C). 


PAL 16R8 Family 
: 
2-3 


PALCE16V8 
Family 
2-48 


PALLV16V8-10 
2-79 


PALCE16V8Z 
Family 
.....•.............................................. 
2-95 


PALLV16V8Z 
Family 
2-115 


AmPAL18P8B/AUNL 
2-155 


PAL20R8 
Family 
2-165 


PALCE20V8 
Family 
...............•.................................... 
2-204 


PALCE20RA10H-20 
.' 
2-236 


AmPAL22P10B/AUA 
2-249 


PAL22V10 
Family/AmPAL22V10A 
2-258 


PALCE22V10 
Family 
2-286 


PALCE22V10Z 
Family 
2-313 


PALLV22V10Z-25 
2-331 


PALCE24V10H-15/25 
.....•.....•.....•...........•..................... 
2-345 


PALCE26V12-15/20 
2-360 


PALCE29M16H-25 
2-377 


PALCE29MA16H-25 
............•.....•..•..•........................... 
2-399 


PALCE610 
Family 
2-424 


FINAL 


~ 
Advanced 
Micro 
Devices 
P~L16R8Family 
20-Pin TTL Programmable 
Array Logic 


01 ITINCTIVE CHARACTERISTICS 


• 
~AS fast as 4.5 ns maximum propagation 
delay 


• 
Popular 20-pln architectures: 
16L8, 16R8, 


16R6,16R4 


• 
~ogrammable 
replacement for high-speed 
L logic 


• 
eglster preload for testability 


• 
rower-up 
reset for Initialization 


GENERAL 
DESCRIPTION 


The PAL 16R8 Family (PAL16L8, 
PAL 16R8, PAL 16R6, 
PAL16R4) 
includes the PAL 16R8-5/4 Series which pro- 


vides the highest 
speed 
in the 20-pin TTL PAL device 


family, making the series ideal for high-performance 
ap- 


PlicXions. 
The PAL 16R8 Family is provided 
with stan- 


dar 
20-pin 
DIP and PLCC pinouts 
and a 28-pin PLCC 


pino 
t. The 28-pin 
PLCC pinout 
contains 
seven extra 


ground 
pins interleaved 
between 
the outputs to reduce 


noisf 
and increase 
speed. 


The jdevices 
provide 
user-programmable 
logic for re- 


plac ng conventional 
SSI/MSI 
gates and flip-flops 
at a 


reduced 
chip count. 


The family 
allows 
the systems 
engineer 
to implement 


the design 
on-chip, 
by opening 
fuse links to configure 


ANQ and OR gates within the device, 
according 
to the 


desired 
logic function. 
Complex 
interconnections 
be- 


tween gates, which previously 
required time-consuming 


layoyt, 
are lifted from the PC board and placed on sili- 


con, where they can be easily modified during prototyp- 
ing or production. 


The-bAL 
device 
implements 
the familiar 
Boolean 
logic 


tranJfer 
function, 
the sum of products. 
The PAL device 


is a wogrammable 
AND array driving a fixed OR array. 


PRODUCT SELECTOR 
GUIDE 


• 
Extensive third-party 
software and 


programmer support through FusionPLD 
partners 


• 
2D-Pln DIP and PLCC packages save space 


• 
28·Pln PLCC-4 package provides ultra-clean 
high-speed signals 


The AND array is programmed 
to create custom product 


terms, while the OR array sums selected 
terms 
at the 


outputs. 


In addition, 
the 
PAL 
device 
provides 
the 
following 


options: 


- 
Variable 
inpuVoutput 
pin ratio 
- 
Programmable 
three-state 
outputs 


- 
Registers 
with feedback 


Product terms with all connections 
opened 
assume 
the 


logical HIGH state; product terms connected 
to both true 


and complement 
of any single input assume the logical 


LOW state. Registers consist of D-type flip-flops 
that are 


loaded on the LOW-to-HIGH 
transition 
of the clock. Un- 


used input pins should be tied to Vcc or GND. 


The 
entire 
PAL 
device 
family 
is supported 
by 
the 


FusionPLD 
partners. 
The PAL family is programmed 
on 


conventional 
PAL device programmers 
with appropriate 


personality 
and socket adapter modules. 
Once the PAL 


device 
is programmed 
and verified, 
an additional 
con- 


nection may be opened to prevent pattern readout. This 
feature 
secures 
proprietary 
circuits. 


Dedicated 
Product Termsl 


Device 
Inputs 
Outputs 
Output 
Feedback 
Enable 


PAL16La 
10 
6 comb. 
7 
1/0 
prog. 


2 comb. 
7 
- 
prog. 


PAL16Ra 
a 
a reg. 
a 
reg. 
pin 


PAL 16R6 
a 
6 reg. 
a 
reg. 
pin 


2 comb. 
7 
1/0 
prog. 


PAL16R4 
a 
4 reg. 
a 
reg. 
pin 


4 comb. 
7 
1/0 
prog. 


Publication# 16492 
Rev. B 
AmendmentlO 


Issue Date: 
June1993 
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BLOCK DIAGRAMS 


PROGRAMMABLE 
AND ARRAY 


(32 x 64) 


PROGRAMMABLE 
AND ARRAY 
(32 x 64) 


0, 
0, 
0, 
o. 
0, 
o. 
0, 
o. 
d 


16492B-2 


PAL16R8 
Family 


PROGRAMMABLE 
AND ARRAY 
(32 x 64) 


PROGRAMMABLE 
AND ARRAY 


(32 x 64) 


18 


GND 


NOTE 
2) 


NOTE 
3) 


GND 


(NOTE 
4) 


GND 


14 


15 


16 


17 


Is 


GND 


Vcc 


(NOTE 
10) 


(NOTE 
9) 


(NOTE 
8) 


(NOTE 
7) 


(NOTE 
6) 


(NOTES) 


(NOTE 
4) 


(NOTE 
3) 


(NOTE 
2) 


PIN DESIGNATIONS 
ClK 
Clock 


GND 
Ground 
I 
Input 
110 
Input/Output 
o 
Output 


OE 
Output Enable 


Vcc 
SupplyVoltage 


Note: 


Pin 1is marked for orientation. 


Note 
16L8 
16R8 
16R6 
16R4 


1 
10 
ClK 
ClK 
ClK 


2 
19 
DE 
DE 
DE 


3 
0, 
0, 
I/O, 
I/O, 


4 
1/02 
02 
02 
1/02 


S 
1/03 
03 
03 
03 


6 
I/O. 
O. 
O. 
O. 


7 
1/05 
05 
05 
05 


8 
1/06 
06 
06 
06 


9 
1/07 
07 
07 
1/07 


10 
Oa 
08 
I/Oa 
I/Oa 


11 


(NOTE 
1) 


VCC 


(NOTE 
10) 


GND 


(NOTE 
9) 


GND 


O,DERING 
INFORMATION 
C~mmercial Products 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(V 
id Combination) is formed by a combination of: 


FAMILY TYPE 
PAL = Programmable Array Logic 


PAL 
T 


P Ct 


OPTIONAL PROCESSING 
Blank = Standard Processing 


NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
R 
= 
Registered 
L 
= 
Active-Low Combinatorial 


NUMBER OF OUTPUTS 


SPEED 
-4 = 4.5 ns tpo 
-5 = 5 ns tpo 
-7 = 7.5 ns tpo 
D = 10 ns tpo 


VERSION 
Blank = First Revision 


12= Second Revision 


OPERATING CONDITIONS 
C = Commercial (O°Cto +75°C) 


L..-__ 
PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
J 
= 20-Pin Plastic Leaded Chip 
Carrier (PL 020) 
28-Pin Plastic Leaded Chip 
Carrier for -4 (PL 028) 


D = 20-Pin Ceramic DIP (CD 020) 


Valid Combinations 


PAL16L8 


PAL16R8 
-5PC, -5JC, -4JC 
PAL16R6 


PAL16R4 


PAL16L8-7 


PAL16R8-7 
PC, JC, DC 
PAL16R6-7 


PAL16R4-7 


PAL16L8D/2 


PAL16R8D/2 
PC, JC 
PAL16R6D/2 


PAL16R4D/2 


Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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OR )ERING INFORMATION 
Commercial Products (MMI Marking Only) 


AMD 
programmable 
logic products 
for commercial 
applications 
are available 
w~h several 
ordering 
options. 
The order 
number 
(Vali 
Combination) 
is formed 
by a combination 
of: 


FAMILY TYPE 
PAL = Programmable 
Array 
Logic 


PAL 
T 


C 
N 


~ 


OPTIONAL 
PROCESSING 


Blank = Standard 
Processing 


PACKAGE 
TYPE 


N 
= 20-Pin 
Plastic 
DIP 


(PD 020) 


NL 
= 20-Pin 
Plastic 
Leaded 


Chip Carrier 
(PL 020) 


J 
= 20-Pin 
Ceramic 
DIP 


(CD 020) 


OPERATING 
CONDITIONS 


C 
= Commercial 
(O°C to +75°C) 


NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
R = Registered 
L 
= Active-Low 
Combinatorial 


NUMBER 
OF OUTPUTS 


SPEED 


B = Very 
High Speed 
(15 ns-35 
ns tpo) 


A = High Speed 
(25 ns-35 
ns tpo) 


POWER 


Blank 
= Full Power 
(155 mA-180 
mA Ice) 


-2 
= Half Power 
(80 mA-90 
mA Ice) 


-4 
= Quarter 
Power 
(55 mA Ice) 


PAL16L8 


PAL16R8 


PAL 16R6 


PAL16R4 


B. B-2. A. 
CN 
CNL 
CJ 
B-4 
•• 


Valid Combinations 


Valid 
Combinations 
lists configurations 
planned 


to be supported 
in volume 
forthis 
device. 
Consult 


the local AMD sales office to confirm 
availability 
of 


specific 
valid combinations 
and to check on newly 


released 
combinations. 


~~DERING INFORMATION 
A L Products 


AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. 
A L (Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid 
colmbinatiOn) is formed by a combination of: 


PAL 


FAMILY TYPE 
T 


PAL = Programmable Array Logic 


NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
R = Registered 
L = Active-Low Combinatorial 


R 
A 
L 
LEAD FINISH 
A = Hot Solder Dip 


PACKAGE TYPE 
R = 20-Pin Ceramic DIP 
(CD 020) 
2 
= 20-Pin Ceramic 
Leadless Chip Carrier 
(CL 020) 


SPEED 
-10 = 10 ns tPQ 
-12 = 12 ns tPQ 


DEVICE CLASS 
IB = MIL-STD-883C Class B 


Valid Combinations 


PAL16L8 


PAL16R8 
-10, -12 
IBRA,/B2A 
PAL16R6 


PAL16R4 


Valid Combinations 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


Military Burn-In 


Military burn-in is in accordance with the current revi- 
sion of MIL-STD-883, Test Methods 1015, Conditions 
A through E. Test conditions are selected at AMD's 
option. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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OR OERING INFORMATION 
API 
Products 
(MMI Marking 
Only) 


AMD 
programmable 
logic products 
for Aerospace 
and Defense 
applications 
are available 
with several 
ordering 
options. 
APL 
(App 
oved 
Products 
List) products 
are fully compliant 
with 
MIL-STD-883 
requirements. 
The order 
number 
(Valid 
Combination) 
is formed 
by a combination 
of: 


FAMILY 
TYPE 
PAL = Programmable 
Array 
Logic 


PAL 
T 


1~ _~".2 
M_Jt 


OPTIONAL 
PROCESSING 
/883B 
= MIL-STD-883, 
Class 
B 


PACKAGE 
TYPE 
(Per 09-000) 


J 
= 20-Pin 
Ceramic 
DIP 


(CD 020) 


W = 20-Pin 
Ceramic 
Flatpack 
(CFL020) 


L 
= 20-Pin 
Ceramic 
Leadless 


Chip 
Carrier 
(CL 020) 


OPERATING 
CONDITIONS 


M = Military 


NUMBER 
OF 
ARRAY 
INPUTS 


OUTPUT 
TYPE 
R = Registered 
L = Active-Low 
Combinatorial 


NUMBER 
OF OUTPUTS 


SPEED 


B = Very 
High Speed 
(20 ns-50 
ns tPD) 


A = High Speed 
(30 ns-50 
ns tPD) 


POWER 


Blank 
= Full Power 
(180 mA Ice) 


-2 
= Half Power 
(90 mA Ice) 


-4 
= Quarter 
Power 
(55 mA Ice) 


PAL16L8 


PAL16R8 


PAL16R6 


PAL 16R4 


B, 
B-2, 
A, B-4 


MJ/883B, 


MW/883B, 


MU883B 


Valid 
Combinations 


Valid 
Combinations 
lists configurations 
planned 


to be supported 
in volume 
for this device. 
Consult 


the local AMD sales office to confirm 
availability 
of 


specific 
valid combinations 
and to check on newly 


released 
combinations. 


Military 
Burn-In 


Military 
burn-in 
is in accordance 
with the current 
revi- 


sion of MIL-STD-883, 
Test Methods 
1015, Conditions 


A through 
E. Test 
conditions 
are selected 
at AM D's 


option. 


Group 
A Tests 


Group 
A tests 
consist 
of Subgroups 


1, 2, 3, 7, 8, 9, 10, 11. 


dCTlONAL 
DESCRIPTION 


St 
ndard 
2O-Pin PAL Family 


Th 
standard 
bipolar 
20-pin 
PAL family 
devices 
have 
co 
men 
electrical 
characteristics 
and 
programming 
pro edures. Four different devices are available, 
includ- 
ing 
oth registered 
and combinatorial 
devices. 
All parts 
are produced 
with a fuse link at each input to the AND 
gat 
array, 
and 
connections 
may 
be selectively 
re- 


mo ed by applying 
appropriate 
voltages 
to the circuit. 
Util zing 
an 
easily-implemented 
programming 
algo- 
rith 
,these 
products 
can be rapidly 
programmed 
to 
an 
customized 
pattern. 
Extra 
test 
words 
are 
pre- 
pro 
rammed during manufacturing 
to ensure extremely 
hig 
field 
programming 
yields, 
and provide 
extra test 
pat 
s to achieve 
excellent 
parametric 
correlation. 


Pi 


Th 
PAL 16R8 Family is available 
inthe standard 
20-pin 
01 
and PLCC pinouts 
and the PAL16R8-4 
Series 
is 
aVl'lable 
in the new 28-pin 
PLCC pinout. 
The 28-pin 
PL 
C pinout gives the designer 
the cleanest 
possible 
sig 
al with only 4.5 ns delay. 


Th 
PAL 16R8-4 pinout has been designed 
to minimize 
the noise that can be generated 
by high-speed 
signals. 
Be ause of its inherently 
shorter leads, the PLCC pack- 
ag 
is the best package 
for use in high-speed 
designs. 
Th 
short leads and multiple ground signals reduce the 
eff ctive 
lead inductance, 
minimizing 
ground 
bounce. 
Pia ing the ground pins between 
the outputs 
optimizes 
the 
round bounce protection, 
and also isolates the out- 
put 
from each other, eliminating 
cross-talk. 
This pinout 
ca 
reduce the effective 
propagation 
delay by as much 
as 
0% from 
a standard 
DIP pinout. 
Design 
files for 
PA~16R8-4 
Series devices 
are written 
as if the device 
ha 
a standard 
20-pin 
DIP pinout for most design soft- 
wa 
packages. 


Va iable 
Input/Output 
Pin Ratio 


Th 
registered 
devices have eight dedicated 
input lines, 
an 
each 
combinatorial 
output 
is an 
I/O 
pin. 
The 
PA 
16L8 has ten dedicated 
input lines and six of the 
eig 
t combinatorial 
outputs 
are I/O pins. Buffers for de- 
vic 
inputs 
have 
complementary 
outputs 
to provide 
use -programmable 
input signal polarity. 
Unused 
input 
pin 
should be tied to Vcc or GND. 


Pr, grammable 
Three-State 
Outputs 


Ea h output 
has a three-state 
output buffer with three- 


state control. 
On combinatorial 
outputs, 
a product term 
controls 
the buffer, allowing 
enable and disable to be a 
fun tion of any product 
of device 
inputs or output feed- 
bac~. The combinatorial 
output provides 
a bidirectional 
I/O pin and may be configured 
as a dedicated 
input if the 
out~ut buffer is always disabled. 
On registered 
outputs, 
an fPut 
pin controls 
the 
enabling 
of the three-state 
out 
uts. 


Registers 
with Feedback 


Registered 
outputs 
are provided 
for data storage 
and 
synchronization. 
Registers 
are 
composed 
of 
D-type 
flip-flops that are loaded on the LOW-to-HIGH 
transition 
of the clock input. 


Register 
Preload 


The register on the PAL 16R8 Family can be preloaded 
from the output 
pins to facilitate 
functional 
testing 
of 
complex 
state machine 
designs. 
This feature 
allows di- 
rect loading of arbitrary states, making it unnecessary 
to 
cycle through 
long test vector sequences 
to reach a de- 
sired state. In addition, transitions 
from illegal states can 
be verified by loading illegal states and observing 
proper 
recovery. 


Power-Up 
Reset 


All flip-flops 
power-up 
to a logic LOW for predictable 
system 
initialization. 
Outputs 
of the 
PAL 16R8 
Family 
will be HIGH due to the active-low 
outputs. 
The Vcc rise 
must be monotonic 
and the reset delay time is 1000 ns 
maximum. 


Security 
Fuse 


After programming 
and verification, 
a PAL 16R8 Family 
design 
can be secured 
by programming 
the security 
fuse. Once programmed, 
this fuse defeats 
read back of 


the internal programmed 
pattern 
by a device 
program- 
mer, 
securing 
proprietary 
designs 
from 
competitors. 


When the security 
fuse is programmed, 
the array will 
read as if every fuse is programmed. 


Quality 
and Testability 


The PAL 16R8 Family offers a very high level of built-in 
quality. 
Extra programmable 
fuses provide 
a means of 
verifying 
performance 
of all AC and DC parameters. 
In 
addition, 
this 
verifies 
complete 
programmability 
and 
functionality 
of the device 
to provide 
the highest 
pro- 
gramming 
yields 
and 
post-programming 
functional 
yields in the industry. 


Technology 


The PAL 16R8-5, -7 and 0/2 are fabricated 
with AMD's 


oxide isolated 
bipolar 
process. 
The array connections 
are 
formed 
with 
highly 
reliable 
PtSi 
fuses. 
The 
PAL 16R8B, 
B-2, A and B-4 series 
are fabricated 
with 
AMD's 
advanced 
trench-isolated 
bipolar 
process. 
The 
array connections 
are formed with proven TiW fuses for 
reliable 
operation. 
These 
processes 
reduce 
parasitic 
capacitances 
and 
minimum 
geometries 
to 
provide 
higher performance. 
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ABSOLUTE MAXIMUM RATINGS 


Amhient 
Temperature 
with 
Power Applied 
-65°C 
to +150°C 


Storage Temperature 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to + 7.0 V 


DC Input Voltage 
-1.2 
V to Vcc + 0.5 V 


DC Input Current 
-30 
mA to + 5 mA 


DC but put or 1/0 Pin 
Voltage 
-0.5 
V to Vcc + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Stresses 
above 
those 
listed 
under 
Absolute 
Maximum 
Rat· 


ings may cause permanent 
device 
failure. 
Functionality 
at or 


above 
these limits is not implied. 
Exposure 
to Absolute 
Maxi· 
munj Ratings 
for extended 
periods 
may affect device 
reliabil· 
ity. Programming 
conditions 
may differ. 


OPERATING RANGES 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
DoC to +75°C 


Supply Voltage 
(Vcc) 
with Respect to Ground 
+4.75 V to +5.25 V 


Operating 
ranges 
define 
those limits 
between 
which 
the func- 


tionality 
of the device 
is guaranteed. 


DC FHARACTERISTICS 
over COMMERCIAL operating 
ranges unless 
otherwise 
specified 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Mln 
Max 
Unit 


VOH 
Output HIGH Vo~age 
IOH= -3.2 mA 
VIN= VIHor VIL 
2.4 
V 


Vce = Min 


VOL 
Output LOW Voltage 
IOL= 24 mA 
VIN= VIHor VIL 
0.5 
V 


Vcc = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


I 
Vo~age for all Inputs (Note 1) 


\VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Voltage for all Inputs (Nole 1) 


VI 
Input Clamp Voltage 
IIN= -18 mA, Vce = Min 
-1.2 
V 


IIIH 
Input HIGH Current 
VIN= 2.7 V, Vcc = Max (Note 2) 
25 
).lA 


IlL 
Input LOW Current 
VIN= 0.4 V, Vce = Max (Nole 2) 
-250 
).lA 


II 
Maximum Input Current 
VIN= 5.5 V, Vcc = Max 
1 
mA 


'OZH 
Off-State Output Leakage 
VOUT= 2.7 V, Vce = Max 
100 
).lA 


Current HIGH 
VIN= VIHor VIL(Note 2) 


IOZL 
Off-State Output Leakage 
VOUT= 0.4 V, Vce = Max 
-100 
I!A 
Current LOW 
VIN= VIHor VIL(Note 2) 


Isc 
Output Short-Circuit Current 
VOUT= 0.5 V, Vce = Max (Note 3) 
-30 
-130 
mA 


Ice 
Supply Current 
VIN= 0 V, Outputs Open (lOUT= 0 mAl 
210 
mA 


Vcc = Max 


Notes: 


1. 
These are absolute 
values 
with respect 
to device ground 
and all overshoots 
due to system 
and/or 
tester 
noise 
are included. 


2. 
I/O pin leakage 
is the worst case of IlL and lOZL (or IIH and lOZH). 


3. 
Not more 
than one output 
should 
be tested at a time. Duration 
of the short-circuit 
should 
not exceed 
one second. 
VOUT= 0.5 V 
has been 
chosen 
to avoid 
test problems 
caused 
by tester ground 
degradation. 


--- ~ 


CIN 
Input 
Capacitance 
I \;LI\, UI:; 
VIN = 2.0 V 
Vcc = 5.0 V 
8 


I I,-Is 
TA = 25°C 
5 
pF 


GoUT 
Output 
Capacitance 
VOUT= 2.0 V 
f= 
1 MHz 
8 


Note: 


1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


-5 
-4 


Parameter 
Min 
Min 
Symbol 
Parameter 
Description 
(Note 3) 
Max 
(Note 3) 
Max 
Unit 


tpo 
Input or Feedback 
to 
16L8,16R8, 
1 
5 
1 
4.5 
ns 


Combinatorial 
Output 
16R4 


ts 
Setup 
Time from 
Input or 
4.5 
4.5 
ns 


Feedback 
to Clock 


tH 
Hold Time 
0 
0 
ns 


tco 
Clock 
to Output 
1 
4.0 
1 
3.5 
ns 


tsKEWA 
Skew 
Between 
Registered 
1 
0.5 
ns 


Outputs 
(Note 4) 


tWL 
LOW 
16R8,16R6, 
4 
4 
ns 


Clock 
Width 
16R4 


tWH 
HIGH 
4 
4 
ns 


External 
Feedback 
11/(t5 + tco) 
117 
125 
MHz 


Maximum 


fMAX 
Frequency 
Internal 
Feedback 
(fCNT) 
125 
125 
MHz 


(Note 
5) 
No Feedback 
11I(tWH + tWL) 
125 
125 
MHz 


tpzx 
OE to Output 
Enable 
1 
6.5 
1 
6.5 
ns 


tpxz 
OE to Output 
Disable 
1 
5 
1 
5 
ns 


tEA 
Input to Output 
Enable 
Using 
2 
6.5 
2 
6.5 
ns 


Product 
Term 
Control 
16L8, 16R6, 


tEA 
Input to Output 
Disable 
Using 
16R4 
2 
5 
2 
5 
ns 


Product 
Term 
Control 


Notes: 


2. hee Switching Test Circuit for test conditions. 


3. 
Output delay minimums for (Po, tco, tpzx, tpxz, tEA,and tERare defined under best case conditions. Future process improve- 
ments may alter these values; therefore, minimum values are recommended for simulation purposes only. 


4. 
Skew testing takes into account pattern and switching direction differences between outputs. 


5. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 


Stora6e Temperature 
-65°C 
to +150°C 


Amb~' nt Temperature 
with 
Pow 
r Applied 
-55°C 
to + 125°C 


Supp y Voltage 
with 
Respect to Ground 
...•......... 
-0.5 
V to + 7.0 V 


DC Input Voltage 
.....•......... 
-1.2 
V to + 7.0 V 


DC Input Current 
.........•.... 
-30 
mA to + 5 mA 


DC Output or I/O Pin 
voltaJe 
-0.5 
V to Vcc + 0.5 V 


Stati, 
Discharge 
Voltage 
2001 V 


Stresses 
above 
those 
listed 
under 
Absolute 
Maximum 
Rat- 


ings rt,ay cause 
permanent 
device 
failure. 
Functionality 
at or 


above 
these limits is not implied. 
Exposure 
to Absolute 
Maxi- 
mum Ratings 
for extended 
periods 
may affect device 
reliabil- 


ity. Programming 
conditions 
may differ. 


OPERATING RANGES 
Commercial (C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air. 
. . . . . . . . . .. 
O°C to +75°C 


Supply Voltage 
(Vcc) 


with Respect to Ground 
..... 
+4.75 V to +5.25 V 


Operating 
ranges 
define 
those limits between 
which 
the func- 
tionality 
of the device 
is guaranteed. 


speqified 


Parrmeter 
Parameter Description 
Test Conditions 
Mln 
Max 
Unit 
Symbol 


VOH 
Output HIGH Voltage 
IOH= -3.2 mA 
VIN= VIHor VIL 
2.4 
V 


Vee = Min 


VOL 
Output LOW Voltage 
IOL= 24 mA 
VIN= VIHor VIL 
0.5 
V 


Vcc = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Voltage for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Voltage for all Inputs (Note 1) 


VI 
Input Clamp Voltage 
IIN=-18 mA. Vcc = Min 
-1.2 
V 


IIH 
Input HIGH Current 
VIN= 2.7 V, Vcc = Max (Note 2) 
25 
~ 


IlL 
Input LOW Current 
VIN= 0.4 V, Vcc = Max (Note 2) 
-250 
~ 


II 
Maximum Input Current 
VIN= 5.5 V, Vcc = Max 
1 
mA 


~ZH 
Off-State Output Leakage 
VOUT= 2.7 V. Vec = Max 
100 
~ 
Current HIGH 
VIN= VIHor VIL(Note 2) 


lOll 
Off-State Output Leakage 
VOUT= 0.4 V. Vcc = Max 
-100 
~ 
Current LOW 
VIN= VIHor VIL(Note 2) 


Isc 
Output Short-Circuit Current 
VOUT= 0.5 V. Vec = Max (Note 3) 
-30 
-130 
mA 


Ice 
Supply Current 
VIN= 0 V, Outputs Open (lOUT= 0 mAl 
180 
mA 


Vee = Max 


J 
NoteS! 


1. 
These are absolute 
values 
with respect 
to device 
ground 
and all overshoots 
due to system 
and/or 
tester 
noise 
are included. 


2. 
I/O pin leakage 
is the worst case of liL and IOZL (or liH and IOZH). 


3. 
Not more than one output 
should 
be tested at a time. Duration 
of the short-circuit 
should 
not exceed 
one second. 
VOUT= 0.5 V 
has been 
chosen 
to avoid 
test problems 
caused 
by tester 
ground 
degradation. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN ~ 2.0 V 
Vcc ~ 5.0 V 
5 
pF 
CcUT 
Output 
Capacitance 
VOUT~ 2.0 V 
TA~25°C 
8 
I ~ 1 MHz 


Note: 


1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Min 


Symbol 
Parameter 
Description 
(Note 
31 
Max 
Unit 


Input or Feedback 
to 
I 
16L8,16R6, 
3 
7.5 
tpo 
Combinatorial 
Output 
11 Output 
Switching 
16R4 
3 
7 
ns 


ts 
Setup 
Time Irom 
Input or Feedback 
to Clock 
7 
ns 


1H 
Hold Time 
0 
ns 


1co 
Clock 
to Output 
1 
6.5 
ns 


tSKEW 
Skew 
Between 
Registered 
Outputs 
(Note 4) 
16R8,16R6, 
1 
ns 


1WL 
Clock 
Width 
LOW 
16R4 
5 
ns 


tWH 
HIGH 
5 
ns 


Maximum 
External 
Feedback 
11I(ts + tco) 
74 
MHz 


IMAX 
Frequency 
Internal 
Feedback 
(ICNT) 
100 
MHz 
(Note 
5) 


No Feedback 
11/(twH + tWL) 
100 
MHz 


1pzx 
OE to Output 
Enable 
1 
8 
ns 


1pxz 
OE to Output 
Disable 
1 
8 
ns 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
16L8, 
16R6, 
3 
10 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
16R4 
3 
10 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
Output delay minimums for tPD,teo, tpzx, tpxz, tEA,and tERare defined under best case conditions. Future process improve- 
ments may alter these values; therefore, minimum values are recommended for simulation purposes only. 


4. 
Skew is measured with all outputs switching in the same direction. 


5. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with 
Power Applied 
-55°C 
to + 125°C 


Supply Voltage with 
Resgect to Ground 
-0.5 
V to + 7.0 V 


DC ~put 
Voltage 
-1.5 
V to + 5.5 V 


DC lfutput 
or I/O Pin Voltage 
-0.5 
V to + 5.5 V 


Static Discharge 
Voltage 
2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings ,hay cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING 
RANGES 
Commercial (C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vee) 
with Respect to Ground 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless 
otherwise 
specified 


Pa~ameter 
Parameter Description 
Test Conditions 
Mln 
Max 
Unh 
Symbol 


IVOH 
Output HIGH Voltage 
iOH= -3.2 mA 
VIN= VIHor VIL 
2.4 
V 


Vcc = Min 


VOL 
Output LOW Voltage 
iOL= 24 mA 
VIN= VIHor VIL 
0.5 
V 


Vce = Min 


VIH 
input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Vo~age for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 
Vo~age for all Inputs (Note 1) 


VI 
Input Clamp Voltage 
IIN= -18 mA, Vcc = Min 
-1.5 
V 


IIIH 
Input HIGH Current 
VIN= 2.4 V, Vce = Max (Note 2) 
25 
!!A 


IlL 
Input LOW Current 
VIN= 0.4 V, Vcc = Max (Note 2) 
-250 
!!A 


II 
Maximum Input Current 
VIN= 5.5 V, Vcc = Max 
100 
!!A 


lozH 
Off-State Output Leakage 
VOUT= 2.4 V, Vce = Max 
100 
!!A 
Current HIGH 
VIN= VIHor VIL(Note 2) 


lOll 
Off-State Output Leakage 
VOUT= 0.4 V, Vce = Max 
-100 
!!A 
Current LOW 
VIN= VIHor VIL(Note 2) 


Isc 
Output Short-Circuit Current 
VOUT= 0.5 V, Vce = Max (Note 3) 
-30 
-130 
mA 


Ice 
Supply Current 
VIN= 0 V, Outputs Open (lOUT= 0 mAl 
180 
mA 


Vcc = Max 
Note I; 


1. 
T~~se are absolute values with respect to device ground and all overshoots due to system andlor tester noise are included. 


2. 
lit 
pin leakage is the worst case of IlL and IOZL (or IiH and IOZH). 


3. 
N?t more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unh 


CIN 
Input Capacitance 
VIN= 2.0 V 
Vcc = 5.0 V 
5 


TA= 25°C 
pF 
GoUT 
Output Capacitance 
VOUT=2.0 V 
f= 1 MHz 
8 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 


Parameter 
Mln 


Symbol 
Parameter Description 
(Note 3) 
Max 
Unh 


tpo 
Input or Feedback to 
16L8,16R6, 
3 
10 
ns 
Combinatorial Output 
16R4 


Is 
Setup TIme from Input or Feedback to Clock 
10 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
3 
7 
ns 


tWl 
Clock Width 
LOW 
8 
ns 


tWH 
HIGH 
16R8,16R6, 
8 
ns 


Maximum 
External Feedback I 
1/(ts + tea) 
16R4 
58.8 
MHz 


flAAX 
Frequency 
Internal Feedback (leNT) 
60 
MHz 
(Note 4) 
No Feedback 
I 
1/(tWH+ tWl) 
62.5 
MHz 


tpzx 
OE to Output Enable 
2 
10 
ns 


tpxz 
OE to Output Disable 
2 
10 
ns 


tEA 
Input to Output Enable Using Product Term Control 
16L8,16R6, 
3 
10 
ns 


tER 
Input to Output Disable Using Product Term Control 
16R4 
3 
10 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
Output delay minimums for tPD,teo, tpzx, tpxz, tEA,and tERare defined under best case conditions. Future process improve- 
ments may alter these values; therefore, minimum values are recommended for simulation purposes only. 


4. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 


~ 
f'MD 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
-65°C to +150°C 


I 


Ambient 
Temperature 
with 
Power Applied 
-55°C to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 V to +7.0 V 


DC Input Voltage 
. . . . . . . . . .. 
-1.5 V to Vcc + 0.5 V 


DC Output or I/O Pin 
Voltage 
-0.5 V to Vcc + 0.5 V 


Stresses above those listed under Absolute Maximum Rat- 
ings l7Iay cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Prpgramming conditions may differ. 


OPERATING RANGES 


Commercial 
(C) Devices 


Ambient 
Temperature 
(TA) 


Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vcc) 


with Respect to Ground 
..... 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC 9.HARACTERISTICS 
over COMMERCIAL operating ranges unless otherwise 
speqified 


Parrmeter 


Mln 
Max 
Unit 
Simbol 
Parameter 
Description 
Test 
Conditions 


VOH 
Output 
HIGH 
Vo~age 
IOH= -3.2 mA 
VIN = VIH or VIL 
2.4 
V 


Vcc = Min 


VOL 
Output 
LOW 
Vo~age 
IOL= 24 mA 
VIN = VIH or VIL 
0.5 
V 


Vce = Min 


VIH 
Input 
HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 
Vo~age 
for all Inputs 
(Note 1) 


VIL 
Input 
LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Vo~age 
for all Inputs 
(Note 1) 


VI 
Input Clamp 
Voltage 
IIN= -18 mA, Vce = Min 
-1.2 
V 


ItH 
Input 
HIGH 
Current 
VIN = 2.4 V, Vce = Max (Note 2) 
25 
!1A 


IlL 
Input 
LOW 
Current 
VIN = 0.4 V, Vce = Max (Note 2) 
-250 
!1A 


II 
Maximum 
Input Current 
VIN = 5.5 V, Vce = Max 
100 
!1A 


loZH 
Off-State 
Output 
Leakage 
VOUT= 2.4 V, Vce = Max 
100 
!1A 


Current 
HIGH 
VIN = VIHor VIL (Note 2) 


lOll 
Off-State 
Output 
Leakage 
VOUT= 0.4 V, Vce = Max 
-100 
ILA 
Current 
LOW 
VIN = VIHor VIL (Note 2) 


Isc 
Output 
Short-Circuit 
Current 
VOUT= 0.5 V, Vce = Max (Note 3) 
-30 
-130 
mA 


Ice 
Supply 
Current 
VIN= 0 V, Outputs 
Open 
(louT= 0 mAl 
180 
mA 


I 
Vcc = Max 


Notes· 
t. 
Thrse are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


2. 
I/q pin leakage is the worst case of IlL and IOZL (or hHand IOZH). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
vduT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input 
Capac~ance 
VIN = 2.0 V 
Vcc = 5.0 V 
8 


TA= 
25°C 
pF 
GoUT 
Output 
Capacitance 
VOUT= 2.0 V 
f= 
1 MHz 
9 


Note: 
1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Symbol 
Parameter Description 
Mln 
Max 
Unit 


tPD 
Input or Feedback 
to 
16L8,16R6, 
15 
ns 
Combinatorial 
Output 
16R4 


ts 
Setup 
Time from 
Input or Feedback 
to Clock 
15 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock 
to Output 
or Feedback 
12 
ns 


tWL 
Clock 
Width 
LOW 
10 
ns 


tWH 
HIGH 
16R8,16R6, 
10 
ns 
16R4 


Maximum 
External 
Feedback 
1/(ts + tco) 
37 
MHz 
fMAX 
Frequency 
(Note 3) 
No Feedback 
1/(tWH + tWL) 
50 
MHz 


tpzx 
OE to Output 
Enable 
15 
ns 


tpxz 
OE to Output 
Disable 
15 
ns 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
16R8,16R6, 
15 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
16R4 
15 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


~AMD 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambi~nt 
Te~perature 
with 
° 
° 
Power Applied 
. . . . . . . . . . . . . . . . . -55 
C to +125 C 


Supp y Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-1.5 
V to Vcc + 0.5 V 


DC Output or 1/0 Pin 
Voltage 
-0.5 
V to Vcc + 0.5 V 


Stres~es 
above 
those 
listed 
under 
Absolute 
Maximum 
Rat- 


ings '1ay 
cause 
permanent 
device 
failure. 
Functionality 
at or 
above 
these limits 
is not implied. 
Exposure 
to Absolute 
Maxi- 


mum Ratings 
for extended 
periods 
may affect 
device 
reliabil- 
ity. Programming 
conditions 
may differ. 


OPERATING RANGES 


Commercial 
(C) Devices 


Ambient 
Temperature 
(TA) 


Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vcc) 


with Respect to Ground 
..... 
+4.75 V to +5.25 V 


Operating 
ranges 
define 
those limits between 
which 
the func- 


tionality 
of the device 
is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL operating ranges unless otherwise 
specified 


Par 
meter 
S~mbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unit 


OH 
Output 
HIGH 
Voltage 
IOH= -3.2 mA 
VIN = VIH or VIL 
2.4 
V 


Vce = Min 


VOL 
Output 
LOW 
Vo~age 
IOL= 24 mA 
VIN = VIH or VIL 
0.5 
V 


Vcc = Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Vo~age 
for all Inputs 
(Note 1) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 1) 


VI 
Input Clamp 
Voltage 
IIN= -18 mA, Vcc = Min 
-1.2 
V 


IIH 
Input 
HIGH 
Current 
VIN = 2.7 V. Vce = Max (Note 2) 
25 
~ 


ilL 
Input 
LOW 
Current 
VIN = 0.4 V. Vce = Max (Note 2) 
-100 
~ 


II 
Maximum 
Input Current 
VIN = 5.5 V. Vce = Max 
100 
~ 


IFZH 
Off-State 
Output 
Leakage 
VOUT= 2.7 V. Vcc = Max 
100 
~ 
Current 
HIGH 
VIN = VIHor VIL (Note 2) 


fZL 
Off-State 
Output 
Leakage 
VOUT= 0.4 V. Vcc = Max 
-100 
~ 
Current 
LOW 
VIN = VIHor VIL (Note 2) 


Isc 
Output 
Short-Circuit 
Current 
VOUT= 0.5 V. Vce = Max (Note 3) 
-30 
-130 
mA 


Ice 
Supply 
Current 
VIN= 0 V. Outputs 
Open 
(lOUT= 0 mAl 
90 
mA 


Vcc = Max 


NoteSj 


1. 
Thre 
are absolute 
values 
with respect 
to device ground 
and all overshoots 
due to system 
and/or 
tester 
noise 
are included. 


2. 
I/O\Pin 
leakage 
is the worst case of IlL and IOZL (or liH and IOZH). 


3. 
Not more than one output 
should 
be tested at a time. Duration 
of the short-circuit 
should 
not exceed 
one second. 
VOUT = 0.5 V 
has been 
chosen 
to avoid 
test problems 
caused 
by tester ground 
degradation. 


Parameter 


Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN = 2.0 V 
Vcc = 5.0 V 
7 


TA = 25°C 
pF 


CoUT 
Output 
Capacitance 
VOUT= 2.0 V 
1=1 
MHz 
7 


Note: 


1. 
These parameters are not 100% tested. but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Symbol 
Parameter 
Description 
Mln 
Max 
Un" 


tPD 
Input or Feedback 
to 
16l8.16R6, 
25 
ns 
Combinatorial 
Output 
16R4 


ts 
Setup 
Time Irom 
Input or Feedback 
to Clock 
25 
ns 


tH 
Hold Time 
0 
ns 


tea 
Clock 
to Output 
15 
ns 


tWL 
Clock 
Width 
lOW 
15 
ns 


HIGH 
16R8,16R6. 


15 
tWH 
16R4 
ns 


Maximum 
External 
Feedback 
I 
1/(ts 
+ tco) 
25 
MHz 


IMAX 
Frequency 
Internal 
Feedback 
(ICNT) 
28.5 
MHz 
(Note 4) 


No Feedback 
I 
1/(twH + tWL) 
33 
MHz 


tpzx 
OE to Output 
Enable 
20 
ns 


tpxz 
OE to Output 
Disable 
20 
ns 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
16R8.16R6, 
25 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
16R4 
25 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
Calculated from measured fMAXinternal. 


4. 
These parameters are not 100% tested. but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


~AMD 


ABSOLUTE MAXIMUM RATINGS 


Stor~ge Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with 
Power Applied 
. . . . . . . . . . . . . . . . . -55°C 
to + 125°C 


Supply Voltage with 
Res~ect to Ground 
-0.5 
V to + 7.0 V 


DC Illput Voltage. 
. . . . . . . . .. 
-1.5 
V to Vcc + 0.5 V 


DC 9utput 
or I/O Pin 
Voltage 
-0.5 
V to Vcc + 0.5 V 


Stresses above those listed under Absolute Maximum Rat· 
ings ~ay cause permanent device failure. Functionality at or 
abov 
these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil· 
ity. Programming conditions may differ. 


OPERATING RANGES 
Commercial (C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
DoC to +75°C 


Supply Voltage 
(Vee) 
with Respect to Ground 
..... 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func· 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL operating ranges unless otherwise 
specified 


Pa ameter 


S 
mbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unit 


VOH 
Output 
HIGH 
Voltage 
10H= -3.2 
mA 
V,N = V,H or V,L 
2.4 
V 


Vcc = Min 


VOL 
Output 
LOW 
Voltage 
10L= 24 mA 
V,N = V,H or V,L 
0.5 
V 


Vcc = Min 


V,H 
input 
HiGH 
Voltage 
Guaranteed 
input 
Logical 
HIGH 
2.0 
V 


Voltage 
for all Inputs 
(Note 
1) 


V,L 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all inputs 
(Note 
1) 


V, 
input 
Clamp 
Voltage 
I'N= -18 
mA, Vcc = Min 
-1.2 
V 


i'H 
input 
HiGH 
Current 
V,N = 2.7 V, Vcc = Max (Note 2) 
25 
~ 


ilL 
Input LOW 
Current 
V,N = 0.4 V, Vcc = Max (Note 2) 
-250 
~ 


II 
Maximum 
Input Current 
V,N = 5.5 V, Vcc = Max 
100 
~ 


10ZH 
Off·State 
Output 
Leakage 
VOUT= 2.7 V, Vcc = Max 
100 
~ 
Current 
HIGH 
V,N = V,Hor V,L (Note 2) 


lOll 
Off·State 
Output 
Leakage 
VOUT= 0.4 V, Vcc = Max 
-100 
~ 
Current 
LOW 
V,N = V,H or V,L (Note 2) 


Isc 
Output 
Short·Circuit 
Current 
VOUT= 0.5 V. Vcc = Max (Note 3) 
-30 
-130 
mA 


Ice 
Supply 
Current 
I 16L8 
V,N= 0 V, Outputs 
Open 
(lOUT= 0 mAl 
155 
mA 


I 16R8/6/4 
VCC = Max 
180 


Notes: 


1. 
T1ese are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


2. 
I/O pin leakage is the worst case of IlL and IOZL (or IJH and IOZH). 


3. 
Not more than one output should be tested at a time. Duration of the short·circuit should not exceed one second. Vec = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 


Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN = 2.0 V 
Vcc = 5.0 V 
7 


TA = 25°C 
pF 


GoUT 
Output 
Capacitance 
VOUT= 2.0 V 
f= 
1 MHz 
7 


Note: 
1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Symbol 
Parameter 
Description 
Min 
Max 
Unit 


tPD 
Input or Feedback 
to 
16L8,16R6, 
25 
ns 
Combinatorial 
Output 
16R4 


Is 
Setup 
Time from 
Input or Feedback 
to Clock 
25 
ns 


tH 
Hold Time 
0 
ns 


tea 
Clock 
to Output 
15 
ns 


tWL 
Clock 
Width 
LOW 
15 
ns 


tWH 
HIGH 
15 
ns 


External 
Feedback 
I 
1/(ts 
+ tco) 


16R8,16R6, 


25 
MHz 
Maximum 
16R4 


fMAX 
Frequency 
Internal 
Feedback 
(leNT) 
28.5 
MHz 
(Note 4) 


No Feedback 
I 
1/(twH + tWL) 
33 
MHz 


tpzx 
OE to Output 
Enable 
20 
ns 


tpxz 
OE to Output 
Disable 
20 
ns 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
25 
ns 
16R8,16R6, 
tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
16R4 
25 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
Calculated from measured fMAXinternal. 


4. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


~AMD 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Ambi+nt 
Te~perature 
with 
° 
° 
Power Applied 
-55 
C to +125 C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC lf1PUtVoltage. 
. . . . . . . . . . . . .. 
-1.5 
V to +5.5 V 


DC Output or VO Pin Voltage 
5.5 V 


Stres~es above those listed under Absolute Maximum Rat- 
ings 
ay cause permanent device failure. Functionality at or 


abo\' 
these limits is not implied. Exposure to Absolute Maxi- 


mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING 
RANGES 


COmmercial 
(e) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vee) 
with Respect to Ground 
..... 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless 
otherwise 
specified 


Parameter 


Symbol 
Parameter 
Description 
Test 
Cond"lons 
Min 
Max 
Un" 


r 


OH 
Output 
HIGH 
Vonage 
10H= -1 
mA 
VIN = VIH or VIL 
2.4 
V 


Vcc = Min 


VOL 
Output 
LOW 
Vonage 
IOL=8mA 
VIN = VIH or VIL 
0.5 
V 


Vcc = Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Vonage 
lor all Inputs 
(Note 
1) 


I 


VIL 
Input 
LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Vonage 
lor all Inputs 
(Note 
1) 


VI 
Input Clamp 
Voltage 
IIN= -18 
mA, Vcc = Min 
-1.5 
V 


IIH 
Input 
HIGH 
Current 
VIN = 2.4 V, Vcc 
= Max (Note 2) 
25 
~ 


ItL 
Input LOW 
Current 
VIN = 0.4 V, Vcc = Max (Note 2) 
-250 
~ 


It 
Maximum 
Input Current 
VIN = 5.5 V, Vcc 
= Max 
100 
~ 


IoZH 
Ofl-State 
Output 
Leakage 
VOUT= 2.4 V, Vcc 
= Max 
100 
~ 
Current 
HIGH 
VIN = VIHor VIL (Note 2) 


IOZL 
Ofl-State 
Output 
Leakage 
VOUT= 0.4 V, Vcc 
= Max 
-100 
~A 
Current 
LOW 
VIN = VIHor VIL (Note 2) 


Isc 
Output 
Short-Circuit 
Current 
VOUT= 0.5 V, Vcc = Max (Note 3) 
-30 
-250 
mA 


Ice 
Supply 
Current 
VIN = a V, Outputs 
Open 
(lOUT= a mAl 
55 
mA 


Vcc = Max 


Notes: 


1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


2. 
119pin leakage is the worst case of IlL and IOZL (or IJH and IOZH). 


3. 
HoLmore than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 
Vo T = 0.5 Vas been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Min 
Max 
Un" 


\Po 
Input or Feedback to 
16L8,16R6, 
35 
ns 
Combinatorial Output 
16R4 


Is 
Setup Time from Input or Feedback to Clock 
35 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Outpul or Feedback 
16R8,16R6, 
25 
ns 


tWi. 
Clock Width 
LOW 
16R4 
25 
ns 


tWH 
HIGH 
25 
ns 


Maximum 
External Feedback 
1/(ts + tco) 
16 
MHz 
fMAX 
Frequency 
(Note 2) 
No Feedback 
l/(twH + tWl.) 
20 
MHz 


tpzx 
OE to Output Enable 
25 
ns 


tpxz 
OE to Output Disable 
25 
ns 


tEA 
Input to Output Enable Using Product Term Control 
16L8,16R6, 
35 
ns 


tER 
Input to Output Disable Using Product Term Control 
16R4 
35 
ns 


Not •• : 


1. See Switching Test Circuit for test conditions. 


2. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


~AMD 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-D.5 V to +7.0 V 


DC Input Voltage 
. . . . . . . . . . . . . .. 
-1.2 
V to +5.5 V 


DC Input Current 
. . . . . . . . . . . . .. 
-30 
mA to +5 mA 


DC Output or I/O Pin 
Voltage 
-D.5 V to Vcc + 0.5 V 


Static Discharge 
Voltage 
2001 V 


OPERATING 
RANGES 


Military 
(M) Devices 
(Note 
1) 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air. 
. . . . . . . . . . . .. 
-55°C 
Min 


Operating 
Case (Tc) 
Temperature 
... 
. . . . . . . . . . . . . . . .. 
125°C Max 


Supply Voltage 
(Vcc) 
with Respect to Ground 
..... 
+4.50 V to +5.50 V 


Note: 


1. Military products are tested at Tc = +25"C, +125"C, 
and -55"C, per MIL-STD-883. 


Stresses above those listed under Absolute Maximum Rat- 
ings "jay cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum ~atings for extended periods may affect device reliabil- 
ity. P 
gramming conditions may differ. Absolute Maximum 
Ratin s are for system design reference; parameters given 
are n t tested. 


DC CHARACTERISTICS 
over MILITARY operating 
ranges unless otherwise 
specified 
(Note 2) 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Min 
Max 
Unit 


VOH 
Output HIGH Voltage 
IOH= -2 mA 
VIN= VIHor VIL 
2.4 
V 
Vcc = Min 


VOL 
Output LOW Voltage 
IOL=12mA 
VIN= VIHor VIL 
0.5 
V 
Vcc = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 
Voltage for all Inputs (Note 3) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 
Voltage for all Inputs (Note 3) 


VI 
Input Clamp Voltage 
hN=-18 mA, Vcc = Min 
-1.2 
V 


hH 
Input HIGH Current 
VIN= 2.7 V, Vcc = Max (Note 4) 
25 
l1A 


IlL 
Input LOW Current 
VIN= 0.4 V, Vcc = Max (Note 4) 
-250 
l1A 


h 
Maximum Input Current 
VIN= 5.5 V, Vcc = Max 
1 
mA 


IIoZH 
Off-State Output Leakage 
VOUT= 2.7 V, Vcc = Max 
100 
l1A 
Current HIGH 
VIN= VIHor VIL(Note 4) 


IoZL 
Off-State Output Leakage 
VOUT= 0.4 V, Vcc = Max 
-100 
l1A 
Current LOW 
VIN= VIHor VIL(Note 4) 


Iisc 
Output Short-Circuit Current 
VOUT= 0.5 V, Vcc = Max (Note 5) 
-30 
-130 
mA 


Ilcc 
Supply Current 
VIN= 0 V, Outputs Open (lOUT= 0 mAl 
200 
mA 
Vcc= Max 


Note~: 
2. 
For APL Products, Group A, Subgroups I, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
VILand VIHare input conditions of output tests and are not themselves directly tested. VILand V,Hare absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. 
VOpin leakage is the worst case of liL and lozL (or liH and IOZH). 


5. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT=0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 


Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Unit 


CIN 
. 
I Corner 
Pins 
VIN = 2.0 V 
Vc< =5.0V 
D 
Input 
Capacitance 
I Middle 
Pins 
TA= 
25°C 
pF 


GoUT 
Output 
Capacitance 
VOUT= 2.0 V 
f = 
MHz 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


·10 
·12 


Parameter 
Min 
Mln 
Symbol 
Parameter 
Description 
(Note 3) 
Max 
(Note 
3) 
Max 
Unit 


Input or Feedback 
to 
16L8, 
tpo 
Combinatorial 
Output 
16R6, 
3 
10 
3 
12 
ns 


16R4 


ts 
Setup 
Time from 
Input or Feedback 
to Clock 
10 
10 
ns 


tH 
Hold Time 
0 
0 
ns 


tco 
Clock 
to Output 
3 
9 
3 
11 
ns 


tsKEW 
Skew 
Between 
Registered 
Outputs 
(Note 4) 
1 
1 
ns 


tWl 
LOW 
16R8, 
8 
8 
ns 
Clock 
Width 
16R6, 
tWH 
HIGH 
16R4 
8 
8 
ns 


Maximum 
External 
Feedback 
11/(ts + tco) 
52.6 
47.6 
MHz 


fMAX 
Frequency 
Internal 
Feedback 
(ICNT) 
60.6 
60.6 
MHz 
(NoteS) 
No Feedback 
11/(twH + twL) 
62.5 
62.5 
MHz 


tpzx 
OE to Output 
Enable 
(Note 5) 
3 
10 
3 
12 
ns 


tpxz 
OE to Output 
Disable 
(Note 5) 
3 
10 
3 
12 
ns 


tEA 
Input to Output 
Enable 
Using 
Product 


16L8, 
3 
10 
3 
12 
Term 
Control 
(Note 5) 
ns 


16R6, 
tER 
Input to Output 
Disable 
Using 
Product 
16R4 
3 
10 
3 
12 
Term 
Control 
(Note 5) 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
Minimum value for tPD,teo, tpzx, tpxz, tEA,and tERparameters should be used for simulation purposes 
only and are not tested. 


4. 
Skew is measured with all outputs switching in the same direction. 


5. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 


AS 
OLUTE MAXIMUM RATINGS 


Stora 
e Temperature 
-65°C 
to +150°C 


Amb'tnt 
Temperature 
with 
ower Applied 
-55°C 
to +125°C 


Supp y Voltage with 
ResPFct to Ground 
-0.5 
V to +7.0 V 


DC I~put Voltage. 
. . . . . . . . . . . . .. 
-1.5 
V to +5.5 V 


DC ~utPut 
or I/O Pin Voltage 
5.5 V 


Stres es above those listed under Absolute Maximum Rat- 
ings 
ay cause permanent device failure. Functionality at or 


abov 
these limits is not implied. Exposure to Absolute Maxi- 


mum ~atingS for extended periods may affect device reliabil- 
ity. P ogramming conditions may differ. Absolute Maximum 
Ratin s are for system design reference; parameters given 
are nr tested. 


DC fHARACTERISTICS 
over MILITARY operating 
ranges unless 
otherwise 
specified 
( 
) 


OPERATING 
RANGES 
Military (M) Devices (Note 1) 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air. 
. . . . . . . . . . . .. 
-55°C 
Min 


Operating 
Case (Tc) 
Temperature 
125°C Max 


Supply Voltage 
(Vcc) 
with Respect to Ground 
..... 
+4.50 V to +5.50 V 


Note: 


1. Military products are tested at Tc = +25" C, + 125" C, 


and -55"C, per MIL-STD-883. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Noe 2 


ParlImeter 
SY/nbol 
Parameter Description 
Test Conditions 
Mln 
Max 
Unit 


IVOH 
Output HIGH Voltage 
IOH= -2 mA 
VIN= VIHor VIL 
2.4 
V 


Vce = Min 


VOL 
Output LOW Voltage 
IOL=12mA 
VIN= VIHor VIL 
0.5 
V 


Vce = Min 


IVIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Voltage for all Inputs (Note 3) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Voltage for all Inputs (Note 3) 


VI 
Input Clamp Voltage 
IIN= -18 mA, Vcc = Min 
-1.5 
V 


I IIH 
Input HIGH Current 
VIN= 2.4 V, Vcc = Max (Note 4) 
25 
I!A 


IlL 
Input LOW Current 
VIN= 0.4 V, Vcc = Max (Note 4) 
-250 
uA 


Ii 
Maximum Input Current 
VIN= 5.5 V, Vcc = Max 
1 
mA 


IOZH 
Off-State Output Leakage 
VOUT= 2.4 V, Vce = Max 
100 
I!A 
Current HIGH 
VIN= VIHor VIL(Note 4) 


loll. 
Off-State Output Leakage 
VOUT= 0.4 V, Vce = Max 
-100 
I!A 
Current LOW 
VIN= VIHor VIL(Note 4) 


Isc 
Output Short-Circuit Current 
VOUT= 0.5 V Vcc = Max (Note 5) 
-30 
-130 
mA 


Ice 
Supply Current 
VIN= 0 V, Outputs Open (lOUT= 0 mAl 
180 
mA 


Vcc= Max 


Not~t 
2. 
hir APL Products, Group A, Subgroups 1,2, and 3 are tested per MIL-STD-883, Method SODS, unless otherwise noted. 


3. 
~ 
and V,Hare input conditions of output tests and are not themselves directly tested. VILand V,Hare absolute voltages with 
r tspect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
w thout suitable equipment. 


4. 
II< 
pin leakage is the worst case of ilL and lozL (or IIHand IOZH). 


5. 
Npt more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT=0.5 V 
hiS been chosen to avoid test problems caused by tester ground degradation. 


Parameter 


Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Unh 


CIN 
Input 
Capacitance 
VIN = 2.0 V 
Vcc = 5.0 V 
9 


TA ~ 25°C 
pF 
CaUT 
Output 
Capacitance 
VOUT= 2.0 V 
f= 1 MHz 
10 


Note: 


1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Symbol 
Parameter 
Description 
Mln 
Max 
Unh 


tPD 
Input or Feedback 
to 
16l8,16R6, 
20 
ns 


Combinatorial 
Output 
16R4 


ts 
Setup 
Time from 
Input or Feedback 
to Clock 
20 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock 
to Output 
or Feedback 
15 
ns 


tWL 
lOW 
12 
ns 
Clock 
Width 
tWH 
HIGH 
16l8,16R6, 
12 
ns 


fMAX 
Maximum 
External 
Feedback 


16R4 


MHz 
1/(ts + tco) 
28.5 
Frequency 
(Note 
3) 
No Feedback 
1/(tWH + tWL) 
41.6 
MHz 


tpzx 
OE to Output 
Enable 
(Note 4) 
20 
ns 


tpxz 
OE to Output 
Disable 
(Note 4) 
20 
ns 


tEA 
Input to Output 
Enable 
Using 
Product 


Term 
Control 
(Note 4) 
16l8,16R6, 
25 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
16R4 


Term 
Control 
(Note 4) 
20 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


4. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 


~AMD 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . . . . . .. 
-1.5 
V to +5.5 V 


DC Output or 1/0 Pin Voltage 
5.5 V 


Stresses 
above 
those 
listed 
under 
Absolute 
Maximum 
Rat- 
ings may cause 
permanent 
device 
failure. 
Functionality 
at or 
above 
these limits is not implied. 
Exposure 
to Absolute 
Maxi- 
mum Ratings 
for extended 
periods 
may affect device 
reliabil- 
ity. Pr?gramming 
conditions 
may 
differ. 
Absolute 
Maximum 


Ratings 
are for system 
design 
reference; 
parameters 
given 


OPERATING RANGES 


Military 
(M) Devices 
(Note 1) 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air. 
. . . . . . . . . . . .. 
-55°C 
Min 


Operating 
Case (Tc) 


Temperature 
125°C Max 


Supply Voltage 
(Vcc) 


with Respect to Ground 
..... 
+4.50 V to +5.50 V 


Note: 


1. Military 
products 
are tested 
at Tc = +25" C, + 125" C, 
and -55"C, per MIL-STD-883. 


Operating 
ranges 
define 
those limits between 
which 
the func- 


tionality 
of the device 
is guaranteed. 
are no 
tested. 


DCe HARACTERISTICS 
over MILITARY operating ranges unless otherwise specified 
(Not ~ 2) 


Par 
meter 


Sy,nbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unit 


VOH 
Output 
HIGH 
Voltage 
IOH= -2 
mA 
VIN = VIH or VIL 
2.4 
V 


Vcc = Min 


VOL 
Output 
LOW 
Vo~age 
IOL=12mA 
VIN = VIH or VIL 
0.5 
V 


Vcc = Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Vo~age 
for all Inputs 
(Note 3) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Vo~age 
for all Inputs 
(Note 3) 


VI 
Input Clamp 
Voltage 
IIN= -18 
mA, Vcc = Min 
-1.5 
V 


IIH 
Input HIGH 
Current 
VIN = 2.4 V, Vcc = Max (Note 4) 
25 
IJA 


ItL 
Input LOW 
Current 
VIN = 0.4 V, Vcc = Max (Note 4) 
-250 
IJA 


II 
Maximum 
Input Current 
VIN = 5.5 V, Vcc = Max 
1 
mA 


IoZH 
OIf-State 
Output 
Leakage 
VOUT= 2.4 V, Vcc 
= Max 
100 
IJA 


Current 
HIGH 
VIN = VIHor VIL (Note 4) 


I 
lOll 
OIf-State 
Output 
Leakage 
VOUT= 0.4 V, Vcc = Max 
-100 
IJA 


Current 
LOW 
VIN = VIHor VIL (Note 4) 


Isc 
Output 
Short-Circuit 
Current 
VOUT= 0.5 V, Vcc = Max (Note 5) 
-30 
-130 
mA 


Ilcc 
Supply 
Current 
VIN = 0 V, Outputs 
Open 
(lOUT= 0 mAl 
90 
mA 


Vcc- 
Max 


J. 
Notes 


2. 
Ff 
APL Products, 
Group A, Subgroups 
1, 2, and 3 are tested per MIL -S TD-883, 
Method 
5005, 
unless 
otherwise 
noted. 


3. 
Vlil and VIH are input conditions 
of output 
tests and are not themselves 
directly 
tested. 
VIL and VIH are absolute 
vonages 
with 
re~pect 
to device 
ground 
and include 
all overshoots 
due to system 
and/or 
tester 
noise. 
Do not attempt 
to test these 
values 
W~hOut suitable 
equipment. 


4. //0 pin leakage 
is the worst case of IlL and IOZL (or liH and IOZH). 


5. 
Not more than one output 
should 
be tested at a time. Duration 
of the short-circuit 
should 
not exceed 
one second. 
VOUT= 0.5 V 
has been 
chosen 
to avoid 
test problems 
caused 
by tester ground 
degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN= 2.0 V 
Vcc = 5.0 V 
7 


TA= 25°C 
pF 
Cour 
Output Capacitance 
Vour= 2.0 V 
f= 1 MHz 
7 


Note: 


1. 
These parameters 
are not 
100% tested, 
but are evaluated 
at initial 
characterization 
and at any time the design 
is modified 
where 
capacitance 
may be affected. 


Parameter 
Symbol 
Parameter Description 
Min 
Max 
Unit 


tpo 
Input or Feedback to 
16L8,16R6, 
30 
ns 
Combinatorial Output 
16R4 


Is 
Setup Time from Input or Feedback to Clock 
30 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output or Feedback 
20 
ns 


tWL 
Clock Width 
LOW 
16L8,16R6, 
20 
ns 


tWH 
HIGH 
16R4 
20 
ns 


Maximum 
External Feedback 
1/(ts + tco) 
20 
MHz 
flAAX 
Frequency 
(Note 3) 
No Feedback 
1/(tWH+ twL) 
25 
MHz 


tpzx 
OE to Output Enable (Note 4) 
25 
ns 


tpxz 
OE to Output Disable (Note 4) 
25 
ns 


tEA 
Input to Output Enable Using Product 
Term Control (Note 4) 
16L8,16R6, 
30 
ns 


tER 
Input to Output Disable Using Product 
16R4 


Term Control (Note 4) 
30 
ns 


Notes: 


2. 
See Switching 
Test Circuit 
for test conditions. 
For APL products 
Group 
A, Subgroups 
9, 10, and 
11 are tested per 
MIL-STD-883, 
Method 
5005, 
unless 
otherwise 
noted. 


3. 
These parameters 
are not 
100% tested, 
but are calculated 
at initial characterization 
and at any time the design 
is modified 
where 
frequency 
may be affected. 


4. 
These parameters 
are not 
100% tested, 
but are evaluated 
at initial 
characterization 
and at any time the design 
is modified 
where 
these parameters 
may be affected. 


~~MD 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to + 7.0 V 


DC Input Voltage 
-1.5 
V to + 5.5 V 


DC Output or I/O Pin Voltage 
5.5 V 


OPERATING 
RANGES 


Military 
(M) Devices 
(Note 
1) 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air. 
. . . . . . . . . . . .. 
-55°C 
Min 


Operating 
Case (Te) 
Temperature 
125°C Max 


Supply Voltage 
(Vcc) 
with Respect to Ground 
..... 
+4.50 V to +5.50 V 


Note: 


1. Military products are tested at Tc = +25" C, + 125" C, 


and -55"C, per MIL-STD-883. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are nor tested. 


I 


DC qHARACTERISTICS 
over MILITARY operating 
ranges unless otherwise 
specified 
(Not~ 2) 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Par,meter 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unit 
Symbol 


VOH 
Output 
HIGH 
Voltage 
IOH= -2 mA 
VIN = VIH or VIL 
2.4 
V 


Vcc = Min 


VOL 
Output 
LOW 
Voltage 
IOL= 12 mA 
VIN = VIH or VIL 
0.5 
V 


Vcc = Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voltage 
for all Inputs 
(Note 3) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Vohage 
for all Inputs 
(Note 3) 


VI 
Input Clamp 
Voltage 
IIN= -18 mA, Vcc = Min 
-1.5 
V 


IIH 
Input 
HIGH 
Current 
VIN = 2.4 V, Vce = Max (Note 4) 
25 
J.1A 


ilL 
Input 
LOW 
Current 
VIN = 0.4 V, Vcc = Max (Note 4) 
-250 
J.1A 


II 
Maximum 
Input Current 
VIN = 5.5 V, Vce 
= Max 
1 
mA 


10ZH 
Off-State 
Output 
Leakage 
VOUT= 2.4 V, Vce 
= Max 
100 
J.1A 


Current 
HIGH 
VIN = VIHor VIL (Note 4) 


fZL 
Off-State 
Output 
Leakage 
VOUT= 0.4 V, Vce = Max 
-100 
J.1A 


Current 
LOW 
VIN = VIHor VIL (Note 4) 


Isc 
Output 
Short-Circuit 
Current 
VOUT= 0.5 V, Vce = Max (Note 5) 
-30 
-130 
mA 


Ice 
Supply 
Current 
VIN = a V, Outputs 
Open 
(lOUT= a mAl 
180 
mA 


Vcc= 
Max 
.1 
Notes- 


2. 
FO~APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
V,Land VIHare input conditions of output tests and are not themselves directly tested. V,Land VIHare absolute voltages with 
re~e.ectto device ground and include all o~'ershoots due to system and/or tester noise. Do not attempt to test these values 
Witrout suitable equipment. 


4. 
I/O pin leakage is the worst case of ilL and lozL (or IIHand IOZH). 


5. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT= 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Unit 


C,N 
Input Capacitance 
V,N= 2.0 V 
Vcc = 5.0 V 
7 


TA= 
25°C 


pF 
COOT 
Output 
Capacitance 
VOIJr 
= 2.0 V 
f= 
1 MHz 
7 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Symbol 
Parameter 
Description 
Min 
Max 
Unit 


tpo 
Input or Feedback 
to 
16L8,16R6, 
30 
ns 
Combinatorial 
Output 
16R4 


Is 
Setup 
Time from 
Input or Feedback 
to Clock 
30 
ns 


tH 
Hold Time 
0 
ns 


tea 
Clock 
to Output 
or Feedback 
20 
ns 


tWL 
Clock 
Width 
LOW 
20 
ns 


tWH 
HIGH 
16L8,16R6, 
20 
ns 


Maximum 
External 
Feedback 
1/(ts + tea) 
16R4 
20 
MHz 


fMAx 
Frequency 


(Note 
3) 
No Feedback 
1/(tWH + twL) 
25 
MHz 


tpzx 
OE to Output 
Enable 
(Note 4) 
25 
ns 


tpxz 
OE to Output 
Disable 
(Note 4) 
25 
ns 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
(Note 4) 
16L8,16R6, 
30 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
16R4 


Term 
Control 
(Note 4) 
30 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


4. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 


~lMD 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with R~owerApplied 
-55°C 
to +125°C 


Supp y Voltage with 
Resp 
ct to Ground 
-0.5 
V to + 7.0 V 


DC IIut 
Voltage 
-1.5 
V to + 5.5 V 


DC 0 tput or I/O Pin Voltage 
5.5 V 


Stres es above those listed under Absolute Maximum Rat- 
ings jay 
cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


OPERATING RANGES 


Military 
(M) Devices 
(Note 1) 


Ambient 
Temperature 
(TA) 


Operating 
in Free Air. 
. . . . . . . . . . . .. 
-55°C 
Min 


Operating 
Case (Te) 
Temperature 
125°C Max 


Supply Voltage 
(Vee) 
with Respect to Ground 
..... 
+4.50 V to +5.50 V 


Note: 


1. Military products are tested at Tc = +25" C, + 125" C, 


and -55"C, per MIL-STD-883. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over MILITARY operating ranges unless otherwise specified 
(Not~ 2) 


Par ~meter 
S~mbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Unit 


VOH 
Output 
HIGH 
Voltage 
IOH=-1 
mA 
V,N = V,H or V,L 
2.4 
V 


Vce = Min 


VOl 
Output 
LOW 
Vo~age 
IOL=4mA 
V,N = V,H or V,L 
0.5 
V 


Vce = Min 


V,H 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voltage 
for all Inputs 
(Note 3) 


V'L 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 3) 


V, 
Input Clamp 
Voltage 
IIN= -18 
mA, Vcc = Min 
-1.5 
V 


),H 
Input 
HIGH 
Current 
V,N = 2.4 V, Vcc = Max (Note 4) 
25 
~ 


IlL 
Input LOW 
Current 
V,N = 0.4 V, Vcc = Max (Note 4) 
-250 
~ 


II 
Maximum 
Input Current 
V,N = 5.5 V, Vce 
= Max 
1 
mA 


I 
IoZH 
Off-State 
Output 
Leakage 
VOUT= 2.4 V, Vce 
= Max 
100 
~ 
Current 
HIGH 
V,N = V,Hor V,L (Note 4) 


loll 
Off-State 
Output 
Leakage 
VOUT= 0.4 V, Vce = Max 
-100 
~ 
Current 
LOW 
V,N = V,Hor V,L (Note 4) 


Isc 
Output 
Short-Circuit 
Current 
VOUT= 0.5 V, Vce = Max (Note 5) 
-30 
-250 
mA 


Ice 
Supply 
Current 
V,N = 0 V, Outputs 
Open 
(lOUT= 0 mAl 
55 
mA 


Vcc= 
Max 


Notes~ 


2. 
Fo APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
VI and VIHare input conditions of output tests and are not themselves directly tested. VILand VIHare absolute voltages with 
res,pectto device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. 
VOpin leakage is the worst case of IlLand IOZL(or hHand IOZH). 


5. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT= 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Min 
Max 
Un" 


tPD 
Input or Feedback to 
16L8,16R6, 
50 
ns 
Combinatorial Output 
16R4 


ts 
Setup Time from input or Feedback to Clock 
50 
ns 


tH 
Hold Time 
0 
ns 


tea 
Clock to Output or Feedback 
25 
ns 


tWl 
Clock Width 
LOW 
25 
ns 


tWH 
HiGH 
16L8,16R6, 
25 
ns 
16R4 
Maximum 
External Feedback 
1/(ts 
+ tea) 
13.3 
MHz 
fMAx 
Frequency 
(Note 2) 
No Feedback 
1/(twH + twL) 
20 
MHz 


tpzx 
OE to Output Enable (Note 3) 
25 
ns 


tpxz 
OE to Output Disable (Note 3) 
25 
ns 


tEA 
input to Output Enable Using Product 
45 
ns 
Term Control (Note 3) 
16L8,16R6, 


input to Output Disable Using Product 
16R4 
tER 
45 
ns 
Term Control (Note 3) 


Notes: 


1. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 


2. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


3. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 


~-CD-H-IN-G-W-A-V-EF-O-R-M-S-------------------- 


Input or 
Feedback 


eombil atorial 


rOutput 


Input or 
Feedback 


-~,----VT 
Registered 
Output 
~ 


Regisrred 
Out ut 1 


RegiSfred 
Out ut 2 


164928-14 


Registered 
Output Skew 


164928-17 


OE to Output 
Disable/Enable 


Notes! 


1. VT~ 1.5 V 
2. Inp t pulse amplitude 0 V to 3.0 V 
3. Inp t rise and fall times 2 ns-3 ns typical. 


AMD~ 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
Steady 
Steady 
\\\\\ 


May 
Will be 
Change 
Changing 
from 
H to L 
from 
H to L 
///0 


May 
Will be 
Change 
Changing 
from 
L to H 
from 
L to H 


YYX:IXK 


Don't 
Care, 
Changing, 


Any Change 
State 
Permitted 
Unknown 
J1) err 


Does 
Not 
Center 
Apply 
Line is High- 
Impedance 
"Off" State 


KSOOOO10-PAL 


Commercial 
Military 
Measured 


Specification 
5, 
Cl 
R, 
R2 
R, 
R2 
Output Value 


tpo, tea 
Closed 
All but 
All but 
All but 
All but 


B-4: 
B-4: 
B-4: 
B-4: 
1.5 V 


tpzx, tEA 
Z ...• H: Open 
50 pF 
200n 
390n 
390n 
750n 


Z ...• L: Closed 


tpxz, tEA 
H ...• Z: Open 
5 pF 
B-4: 
B-4: 
B-4: 
B-4: 
H ...• Z: VOH - 0.5 V 


L ...• Z: Closed 
800n 
1.56 kn 
800n 
1.56 kn 
L ...• Z: Val + 0.5 V 
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MEASURED SWITCHING CHARACTERISTICS 
for the PAL16R8-5 


Vcc = 4.75 V, TA = 75°C (Note 1) 


10 


8 


IPD, ns 
6 


4 


2 


0 


tPD V5. Load Capacitance 


Vcc = 5.25 V, TA = 25°C 


Note: 


1. 
These parameters 
are not 100% tested. 
but are evaluated 
at initial characterization 
and at any time the design is modified 


where 
tPD may be affected. 


CURRENT VS. VOLTAGE (I-V) CHARACTERISTICS 
for the PAL16R8-4/5 


Vcc = 5.0 V, TA = 25°C 


~AMD 


MEASURED SWITCHING CHARACTERISTICS 
for the PAL16R8-7 


Vcc = 4.75 V, TA = 75°C (Note 1) 


Note: 


1. 
Th~se parameters 
are not 100% tested, but are evaluated 
at initial characterization 
and at any time the design 
is modified 


whrre 
tpo may be affected. 


CURRENT VS. VOLTAGE (I-V) CHARACTERISTICS 
for the PAL16R8-7 
Vcc = 5.0 V, TA = 25°C 


--{).6 --{).4 --{).2 


-5 


;t1 
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INPUT/OUTPUT 
EQUIVALENT SCHEMATICS 


Typical 
Input 


vcc 


ProgramNerify 
Circuitry 


Input. 


I/O 
Pins 


ProgramNerify/ 


Test Circuitry 


Preload 
Circuitry 


POWER-UP RESET 


The power-up 
reset feature ensures that all flip-flops will 


be reset to LOW after the device has been powered 
up. 


The output state will be HIGH due to the inverting output 
buffer. This feature 
is valuable 
in simplifying 
state ma- 
chine initialization. 
A timing diagram 
and parameter 
ta- 


ble are shown below. Due to the synchronous 
operation 


of the power-up 
reset and the wide range of ways Vcc 


can rise to its steady state, two conditions 
are required 
to ensure a valid power-up 
reset. These conditions 
are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock 
input must not be driven 
from LOWto 
HIGH until all applicable 
input and feed- 
back setup times are met. 


Parameter 


Symbol 
Parameter Description 
Max 
Unit 


tPR 
Power-Up Reset Time 
1000 
ns 


Is 
Input or Feedback Setup Time 
See Switching 


tWL 
Clock Width LOW 
Characteristics 


Registered 
Active-Low 
Output 


_ 
COM'L: 
H-517110/15/25,0-10/15/25 
MIL: H-15/20/25 


plLCE16v8 Family 


EE CMOS 20-Pin Universal Programmable 
Array Logic 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
PIn, function and fuse-map compatible with all 
2\l"pln GAL devices 


• 
Electrically 
erasable CMOS technology 
provides reconflgurable 
logic and full 
t~stablllty 


• 
High-speed CMOS technology 
- 
5 ns propagation delay for "-5" version 
- 
7.5 ns propagation delay for "-7" version 


• 
DIrect plug-In replacement for the PAL16R8 
SjrleS and most of the PAL 10H8 series 


• 
OUtputs programmable 
as registered or 


combinatorial 
In any combination 


• 
Programmable output polarity 


• 
Programmable enable/disable 
control 


• 
Preloadable output registers for testability 


• 
Automatic register reset on power up 


• 
Cost-effective 
20-pln plastic DIP, PLCC, and 


SOIC packages 


• 
Extensive third-party 
software and programmer 


support through FusionPLD partners 


• 
Fully tested for 100% programming 
and 


functional yields and high reliability 


• 
5 ns version utilizes a split leadframe for 
Improved performance 


GENERAL 
DESCRIPTION 


The fALCE16V8 is an advanced PAL device built with 
low-~ower, high-speed, electrically-erasable CMOS 
technology. It is functionally compatible with all 20-pin 
GAL devices. The macrocells provide a universaldevice 
architecture. The PALCE16V8 will directly replace the 
PAL16R8 and PALl OH8series devices, with the excep- 
tion of the PAL16C1. 


The PALCE16V8 utilizes the familiar sum-of-products 
(AN9/0R) architecture that allows users to implement 
com~lex logic functions easily and efficiently. Multiple 
level~ of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa- 
tions are programmed into the device through f1oating- 
gate cells in the AND logic array that can be erased 
electrically. 


The fixed OR array allows upto eight data productterms 
per 0 tput for logic functions. The sum of these products 


feeds the output macrocell. Each macrocell can be pro- 
grammed as registered or combinatorial with an active- 
high or active-low output. The output configuration is 
determined by two global bits and one 
local bit 


controlling four multiplexers in each macrocell. 


AMD's FusionPLD program allows PALCE16V8 de- 
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMD certifies that the tools 
provide accurate,quality support. By ensuring that third- 
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the PLD Software Reference Guide for certified devel- 
opment systems andthe Programmer Reference Guide 
for approved programmers. 


AMD~ 


Programmable 
AND Array 
32 x 64 


CONNECTION 
DIAGRAMS 


Top View 
DIP/SOIC 
PLCC/LCC 


CLKl/o 
Vcc 


..S' 
i2 
c..> 


"" 
h 
1/07 


....J 
c..> ~ 
~ 
~ 
() 
> 


12 
liDs 
3 
2 
1 
20 
19 
13 
1/05 
• 
14 
1104 
13 
18 
1106 


15 
1/03 
14 
17 
1105 
16 
1/02 


15 
1/04 
17 
1/01 
1/03 
18 
1/00 
16 


GND 
OE/lg 
17 
1102 


164936-2 
9 
10 
11 
12 
13 


Note: 
Pin 1is marked for orientation 
-"!' 
Cl 
0> 
0 g- 
z I~ ~ 
PIN DESIGNATIONS 
Cl 
164936-3 
ClK 
Clock 
GND 
Ground 
I 
Input 
I/O 
Input/Output 
OE 
Output 
Enable 
Vcc 
Supply Voltage 


PAlCE16V8 
Family 
2-49 


~ 
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ORdERING 
INFORMATION 


co~merciai 
Products 


AMD 
rogrammable 
logic products 
for commercial 
applications 
are available 
with several 
ordering 
options. 
The order 
number 
(Valid I ombination) 
is formed 
by a combination 
of: 


PAL 


FAMILY 
TYPE 
T 


PAt= 
Programmable 
Array 
Logic 


TE'HNOLOGY 
CE 
= 
CMOS 
Electrically 
Erasable 


NU 
BER 
OF 
--1 


AR 
AY INPUTS 


OUTPUT 
TYPE 
--1 


V J.Versatile 


NUrBER 
OF FLlp·FLOPS 
---------' 


POrER 
H 1 Ha~ Power 
(90 -125 
mA Ice) 


Q 1 Quarter 
Power 
(55 mA Ice) 


SPEED 


-5 
= 
5 ns tpo 


-7 
= 
7.5 ns tpo 


-10 
= 
10 ns tpo 


-15 
15nstpo 


-25 
= 
25 ns tpo 


CE 
16 
V 
8 
H 
·5 
P 
C /5[ 


OPTIONAL 
PROCESSING 


Blank 
= 
Standard 
Processing 


PROGRAMMING 
DESIGNATOR 


Blank 
= 
Initial Algorithm 
/4 
First Revision 
/5 
= 
Second 
Revision 


(Same 
Algorithm 
as /4) 


OPERATING 
CONDITIONS 


C 
= Commercial 
(O°C to +75°C) 


PACKAGE 
TYPE 
P 
= 20-Pin 
Plastic 
DIP (PD 020) 


J 
= 20-Pin 
Plastic 
Leaded 
Chip 


Carrier 
(PL 020) 


S 
= 20-Pin 
Plastic 
Gull-Wing 


Small 
Outline 
Package 
(SO 020) 


I 
Valid 
Combinations 


PALCE16V8H-5 
JC 


PALCE16V8H-7 
PC.JC 


/5 


PALCE 16V8H-1 0 
PC, JC. SC 
/4 


PALCE 16V8Q-1 0 
PC, JC, SC 
/5 


P 
LCE16V8H-15 
PC, JC, SC 


P 
LCE16V8Q-15 
PC,JC 
Blank, 


P ,LCE16V8H-25 
PC.JC, 
SC 
/4 


P, LCE16V8Q-25 
PC.JC 


Valid 
Combinations 
lists configurations 
planned 


to be supported 
in volume 
for this device. 
Consult 


the local AMD sales office to confirm 
availability 
of 


specific 
valid combinations 
and to check on newly 


released 
combinations. 


ORDERING INFORMATION 


APL Products (Military) 


AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: 


_ 


_____ 
J_PA_L_...J-CE1~V 8 H -15 OS 


18 
11 


FAMILY TYPE ------- 
PAL = Programmable Array Logic 


TECHNOLOGY 
CE 
= CMOS Electrically Erasable 


LEAD FINISH 
A = Hot Solder Dip 


PACKAGE TYPE 
R = 20-Pin Ceramic DIP (CD 020) 
2 
= 20-Pin Ceramic Leadless 


Chip Carrier (CL 020) 
NUMBER OF 
---l 


ARRAY INPUTS 


OUTPUT TYPE 
...J 


V = Versatile 
DEVICE CLASS 
IB 
= 
Class B 
NUMBER OF FLIP-FLOPS ---------1 
POWER 
....J 


H = Half Power (130 mA Ice) 


SPEED 
-15 = 15 nstpD 
-20 = 20 ns tPD 
-25 = 25 ns tPD 


PROGRAMMING DESIGNATOR 
Blank = 
Initial Release 


E4 
= 
First Revision 
(Different Algorithm from 
Blank) 


Valid Combinations 


PALCE16V8H-15 
E4 


PALCE16V8H-20 
Blank, 
IBRA 
1B2A 


PALCE16V8H-25 
E4 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


Group A Tests 


Group A tests consist of Subgroups 


1, 2, 3, 7, 8, 9, 10, 11. 


MIlitary Burn-In 


Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test 
conditions are selected at AMD's option. 
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FUNCTIONAL 
DESCRIPTION 


The PALCE16V8 
is a universal 
PAL device. 
It has eight 


inde~endently 
configurable 
macrocells 
(MCo-MC7). 


Eac~ macrocell 
can be configured 
as registered 
output, 
combinatorial 
output, combinatorialI/O 
or dedicated 
in- 
put. The programming 
matrix 
implements 
a program- 
mable AND logic array, which 
drives 
a fixed 
OR logic 
array. 
Buffers 
for device 
inputs 
have complementary 


outputs 
to provide 
user-programmable 
input signal po- 
laritYr Pins 1 and 11 serve either as array inputs or as 
cloc~ (CLK) and output enable (OE), respectively, 
for all 


flip-II 
ps. 


Unused input pins should be tied directly to Vcc or GND. 
Product 
terms 
with 
all 
bits 
unprogrammed 
(discon- 
nected) 
assume 
the 
logical 
HIGH 
state 
and product 
terms with both true and complement 
of any input signal 


connected 
assume 
a logical 
LOW state. 


The programmable 
functions 
on the PALCE16V8 
are 


autoratically 
configured 
from the user's design specifi- 


cation, which can be in a number of formats. 
The design 


specification 
is processed 
by development 
software 
to 


verify the design 
and create 
a programming 
file. This 
file, once downloaded 
to a programmer, 
configures 
the 


device according 
to the user's desired 
function. 


The 
user 
is 
given 
two 
design 
options 
with 
the 


PALCE16V8. 
First, it can be programmed 
as a standard 


PAL device from the 
PAL16R8 
and 
PAL10H8 
series. 


The PAL programmer 
manufacturer 
will supply 
device 


codes for the standard 
PAL device architectures 
to be 


used with the 
PALCE16V8. 
The programmer 
will pro- 


gram the 
PALCE16V8 
in the corresponding 
architec- 


ture. This allows the user to use existing 
standard 
PAL 


device 
JEDEC 
files 
without 
making 
any changes 
to 


them. Altematively, 
the device 
can be programmed 
as 


a PALCE16V8. 
Here the user must use the PALCE16V8 


device 
code. 
This option 
allows 
full utilization 
of the 


macrocell. 


OE 


Vcc 


To 
Adjacent 
Macrocell 


From 
Adjacent 
Pin 


Configuration 
Options 


Each macrocell 
can be configured 
as one of the follow- 
ing: registered 
output, combinatorial 
output, combinato- 
rial I/O, or dedicated 
input. 
In the 
registered 
output 
configuration, 
the output buffer is enabled by the OE pin. 


In the combinatorial 
configuration, 
the buffer 
is either 


controlled 
by a product term or always enabled. 
In the 


dedicated 
input configuration, 
it is always disabled. With 


the exception 
of MCa and MC7, a macrocell 
configured 


as a dedicated 
input derives the input signal from an ad- 
jacent 
I/O. MCa derives 
its input from pin 11 (OE) and 


MC7 from pin 1 (ClK). 


The macrocell 
configurations 
are controlled 
by the con- 
figuration 
control 
word. 
It contains 
2 global 
bits (SGO 


and SG1) and 16 local bits (SlOathrough 
Sl07 and Sl1a 


through 
Sl17). 
SGO determines 
whether 
registers 
will 


be allowed. 
SG1 determines 
whether 
the PAlCE16V8 


will emulate a PAL 16R8 family or a PAL 1OH8 family de- 
vice. Within 
each macrocell, 
SlOx, in conjunction 
with 


SG1, 
selects 
the configuration 
of the macrocell, 
and 


Sl1 x sets the output as either active low or active high 
for the individual 
macrocell. 


The configuration 
bits work by acting as control 
inputs 


forthe 
multiplexers 
in the macrocell. 
There are four mul- 
tiplexers: 
a product term input, an enable select, an out- 


put select, and a feedback 
select multiplexer. 
SG1 and 


SLOx are the control 
signals for all four multiplexers. 
In 


MCa and MC7, SGO replaces 
SG1 on the feedback 
mul- 
tiplexer. 
This accommodates 
ClK 
being the adjacent 


pin for MC7 and OE 
the adjacent 
pin for MCa. 


Registered Output Configuration 


The control bit settings are SGO = 0, SG 1 = 1 and SlOx = 
O. There 
is only one registered 
configuration. 
All eight 


product 
terms 
are available 
as inputs to the OR gate. 


Data 
polarity 
is determined 
by Sl1 x. The 
flip-flop 
is 


loaded 
on the 
lOW-to-HIGH 
transition 
of ClK. 
The 


feedback 
path 
is from Q on the 
register. 
The output 
buffer is enabled 
by OE. 


Combinatorial 
Configurations 


The PAlCE16V8 
has three combinatorial 
output con- 


figurations: 
dedicated 
output in a non-registered 
device, 
I/O in a non-registered 
device 
and I/O in a registered 


device. 


Dedicated Output in a Non-Registered 
Device 


The control bit settings are SGO = 1, SG 1 = 0 and SlOx = 
O. All eight product 
terms are available 
to the OR gate. 
Although 
the macrocell 
is a dedicated 
output, the feed- 
back is used, with the exception 
of pins 15 and 16. Pins 


15 and 16 do not use feedback 
in this mode. Because 


ClK 
and OE are not used in a non-registered 
device, 
pins 1 and 11 are available 
as input signals. 
Pin 1 will 


use the feedback 
path of MC7 and pin 11 will use the 


feedback 
path of MCa. 


Combinatorial 
1/0 in a Non-Registered 


Device 


The control bit settings are SGO = 1, SG 1 = 1, and SlOx = 
1. Only seven 
product 
terms 
are available 
to the OR 


gate. The eighth product term is used to enable the out- 
put buffer. The signal 
at the I/O pin is fed back to the 


AND array via the feedback 
multiplexer. 
This allows the 


pin to be used as an input. 


Because 
ClK 
and OE are not used in a non-registered 


device, pins 1 and 11 are available 
as inputs. Pin 1 will 


use the feedback 
path of MC, and pin 11 will use the 


feedback 
path of MCa. 


Combinatorial 
1/0 in a Registered Device 


The control bit settings are SGO = 0, SG1 = 1 and SlOx = 
1. Only seven 
product 
terms 
are available 
to the OR 


gate. 
The eighth 
product 
term 
is used 
as the output 


enable. 
The feedback 
signal 
is the corresponding 
I/O 


signal. 


Dedicated Input Configuration 


The control bit settings are SGO = 1, SG 1 = 0 and SlOx = 
1. The output buffer is disabled. 
Except for MCa and MC7 


the feedback 
signal is an adjacent 
I/O. For MCa and MC7 


the feedback 
signals are pins 1 and 11. These configu- 


rations 
are summarized 
in Table 
1 and 
illustrated 
in 


Figure 2. 


Selection 
is through 
a programmable 
bit Sl1 x which 


controls 
an exclusive-OR 
gate at the output of the ANDI 


OR logic. The output is active high if Sl1 x is 1 and active 
low if SL 1. is O. 


Notes: 
1. Feedback is not available on pins 15 


and 16 in the combinatorial output mode. 


2. 
This configuration is not available on pins 15 and 16. 


Adjacent 
1/0 pin 


Note 2 


Power-Up Reset 


All flip-flops 
power up to a logic LOW for predictable 
sys- 


tem 
initialization. 
Outputs 
of the PALCE16V8 
will de- 


pend 
on whether 
they 
are selected 
as registered 
or 


combinatorial. 
If registered 
is selected, the output will be 


HIGH. If combinatorial 
is selected, 
the output will be a 


function 
of the logic. 


Register Preload 


The register on the PALCE16V8 
can be preloaded 
from 


the output pins to facilitate 
functional 
testing of complex 


state machine 
designs. 
This feature 
allows direct load- 
ing of arbitrary 
states, 
making 
it unnecessary 
to cycle 


through 
long test vector sequences 
to reach a desired 


state. 
In addition, 
transitions 
from illegal states can be 


verified 
by loading 
illegal 
states and observing 
proper 


recovery. 


security Bit 


A security bit is provided on the PALCE16V8 
as a deter- 


rent to unauthorized 
copying 
of the array configuration 


patterns. 
Once programmed, 
this bit defeats 
read back 


and verification 
of the programmed 
pattern by a device 


programmer, 
securing 
proprietary 
designs 
from 
com- 
petitors. 
The bit can only be erased in conjunction 
with 


the array during an erase cycle. 


Electronic Signature Word 


An 
electronic 
signature 
word 
is 
provided 
in 
the 


PALCE16V8 
device. 
It consists 
of 64 bits of programm- 
able memory 
that can contain 
user-defined 
data. The 


signature 
data is always available to the user independ- 


ent of the security 
bit. 


Programming and Erasing 


The PALCE16V8 
can be programmed 
on standard 
logic 


programmers. 
It also may be erased 
to reset a previ- 


ously configured 
device back to its virgin state. Erasure 


is automatically 
performed 
by the programming 
hard- 


ware. No special erase operation 
is required. 


Quality and Testability 


The PALCE16V8 
offers a very high level of built-in qual- 


ity. The erasability 
of the device provides 
a direct means 


of verifying 
performance 
of all AC and DC parameters. 


In addition, 
this verifies 
complete 
programmability 
and 


functionality 
of the device 
to provide 
the highest 
pro- 


gramming 
yields 
and 
post-programming 
functional 


yields in the industry. 


Technology 


The high-speed 
PALCE16V8 
is fabricated 
with AMD's 


advanced 
electrically 
erasable 
(EEl 
CMOS 
process. 


The array connections 
are formed with proven EE cells. 


Inputs and outputs 
are designed 
to be compatible 
with 


TIL 
devices. 
This 
technology 
provides 
strong 
input 


clamp diodes, output slew-rate 
contrOl, and a grounded 


substrate 
for clean switching. 
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ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


I 


Ambient 
Temperature 
with rower 
Applied 
-55°C 
to + 125°C 


SUP81y Voltage with 
Respect to Ground 
-0.5 
V to 
+7.0 V 


DC Input Voltage 
-0.5 
V to Vcc + 0.5 V 


DC Output or 1/0 
Pin Voltage 
-0.5 
V to Vcc + 0.5 V 


Stati? Discharge 
Voltage 
2001 V 


Latchup 
Current 
(TA = DoC to 75°C) 
. . . . . . . . . . . . . . . . . . . .. 
100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING 
RANGES 


Commercial 
(C) Devices 


Temperature 
(TA) Operating 
in Free Air 
DoC to +75°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC bHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless 
otherwise 
specified 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Unit 


VOH 
Output 
HIGH 
Voijage 
IOH =-3.2 
mA 
VIN = VIH or VIL 
2.4 
V 


Vcc 
= Min 


yOL 
Output 
LOW 
Voltage 
tOL = 24 mA 
VIN = VIH or VIL 
0.5 
V 


Vcc 
= Min 


VIH 
Input 
HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voijage 
for all Inputs 
(Note 
1) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 
Voijage 
for all Inputs 
(Note 
1) 


IIH 
Input HIGH 
Leakage 
Current 
VIN = 5.25 V, Vcc 
= Max (Note 2) 
10 
J.1A 


ilL 
Input LOW 
Leakage 
Current 
VIN = 0 V, Vcc 
= Max (Note 2) 
-100 
J.1A 
't 


ZH 
Off·State 
Output 
Leakage 
VOUT = 5.25 V, Vcc 
= Max 
10 
J.1A 


Current 
HIGH 
VIN = VIH or VIL (Note 2) 


IbzL 
Off·State 
Output 
Leakage 
VOUT = 0 V, Vcc 
= Max 
-100 
J.1A 


Current 
LOW 
VIN = VIH or VIL (Note 2) 


Isc 
Output 
Short-Circu~ 
Current 
VOUT = 0.5 V, Vcc 
= Max (Note 3) 
-30 
-150 
mA 


Icc 
Supply 
Current 
(Static) 
Outputs 
Open 
(lOUT = 0 mAl, 
VIN = 0 V 
125 
mA 


Vcc= 
Max 


NoteJ: 


1. T~ese are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 


2. //0pin leakage is the worst case of IlL and IOZL (or liH and IOZH). 


3. 
Not more than one output should be shorted at a time and duration of the short·circuit should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Descriptions 
Test Conditions 
Typ 
Unit 


CIN 
Input 
Capacitance 
VIN=2.0V 
I 
Vcc 
= 5.0 V, TA = 25°C, 
5 
pF 


COUT 
Output 
Capacitance 
VOUT= 2.0 V I 
f= 
1 MHz 
8 
pF 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Min 
Symbol 
Parameter Description 
(Note 5) 
Max 
Unit 


tPD 
Input or Feedback 
to Combinatorial 
Output 
1 
5 
ns 


ts 
Setup 
Time from 
Input or Feedback 
to Clock 
3 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock 
to Output 
1 
4 
ns 


tSKEWR 
Skew 
Between 
Registered 
Outputs 
(Note 4) 
1 
ns 


tWL 
LOW 
3 
ns 
Clock 
Width 
tWH 
HIGH 
3 
ns 


Maximum 
External 
Feedback 
I 
lI(ts+tco) 
142.8 
MHz 


fMAX 
Frequency 
Internal 
Feedback 
(fCNT) 
166 
MHz 
(Note 3) 


No Feedback 
I 
1/(tWH+tWL) 
166 
MHz 


tpzx 
OE to Output 
Enable 
1 
6 
ns 


tpxz 
OE to Output 
Disable 
1 
5 
ns 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
2 
6 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
2 
5 
ns 


Notes: 
2. 
See Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


4. 
Skew testing takes into account pattern and switching direction differences between outputs that have equalloading. 


5. 
Output delay minimums for tpo, tea, tpzx, tpxz, tEA,and tERare defined under best case conditions. Future process improve- 
ments may alter these values therefore, minimum values are recommended for simulation purposes only. 


ABSOLUTE 
MAXIMUM RATINGS 


Stor~ge Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with 
pow~r Applied 
. . . . . . . . . . . . . . .. 
-55°C 
to + 125°C 


Supply Voltage with Respect 
to Ground 
-0.5 
V to + 7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-0.5 
V to Vcc + 1.0 V 


DC Output or I/O 
Pin ~oltage 
-0.5 
V to Vcc + 1.0 V 


Stati~ Discharge 
Voltage 
2001 V 


LatCju~ 
Current ° 


(TA - 0 C to +75 C) . . . . . . . . . . . . . . . . . . .. 
100 mA 


Stresses above those listed under Absolute Maximum Rat· 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum fatings 
for extended periods may affect device reliabil- 


ity. Programming conditions may differ. 


OPERATING 
RANGES 


Commercial 
(C) Devices 


Temperature 
(TA) 
Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vce) 
with Respect to Ground 
+4.75 V to +5.25 V 


Operating Ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC 
I HARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless otherwise 
specified 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unit 


VOH 
Output 
HIGH 
Vo~age 
IOH =-3.2 
mA 
VIN = VIHor VIL 
2.4 
V 


Vee = Min 


~OL 
Output 
LOW 
Voltage 
IOL = 16 mA 
VIN = VIH or VIL 
0.5 
V 


Vee = Min 


VIH 
Input 
HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 
Vo~age 
for all Inputs 
(Note 
1) 


VIL 
Input 
LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 
Voltage 
for all Inputs 
(Note 
1) 


ilH 
Input HIGH 
Leakage 
Current 
VIN = 5.5 V, Vcc 
= Max (Note 2) 
10 
).IA 


ilL 
Input LOW 
Leakage 
Current 
VIN = 0 V, Vce = Max (Note 2) 
-100 
).IA 


IOZH 
Off-State 
Output 
Leakage 
VOUT = 5.5 V, Vee = Max, 
10 
).IA 


Current 
HIGH 
VIN = VIL or VIH (Note 2) 


lOlL 
Off-State 
Output 
Leakage 
VOUT = 0 V, Vcc 
= Max 
-100 
).IA 


Current 
LOW 
VIN = VIL or VIH (Note 2) 


Ise 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vcc = Max (Note 3) 
-30 
-150 
mA 


Ice 
Supply 
Current 
(Dynamic) 
Outputs 
Open, 
(lOUT = 0 mAl. 
115 
mA 


Vcc 
= Max, f = 25 MHz 


Note~f 
1. These are absolute values wIth respect to the deVIceground and all overshoots due to system and tester nOIseare Included. 


2. 
I/O pin leakage is the worst case of IlLand IOZL(or IiHand IOZH). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
VOUT= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN = 2.0 V 
I Vcc = 5.0 V, TA = 25°C 
5 
pF 


GoUT 
Output 
Capacitance 
VOUT = 2.0 V 
I f = 1 MHz 
8 
pF 


Note: 
1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Mln 
Symbol 
Parameter Description 
(Note 5) 
Max 
Unit 


tPD 
Input or Feedback 
to Combinatorial 
Output 
I 8 Outputs 
Switching 
3 
7.5 
ns 


I 1 Output 
Switching 
3 
7 
ns 


ts 
Setup 
Time from 
Input or Feedback 
5 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock 
to Output 
1 
5 
ns 


tSKEWR 
Skew 
Between 
Registered 
Outputs 
(Note 4) 
1 
ns 


tWL 
LOW 
4 
ns 
Clock 
Width 
HIGH 
4 
tWH 
ns 


Maximum 
External 
Feedback 
I 
1/(ts 
+tco) 
100 
MHz 


fMAx 
Frequency 
Internal 
Feedback 
(teNT) 
125 
MHz 
(Note 3) 
No Feedback 
I 
1/(tWH + tWL) 
125 
MHz 


tpzx 
OE to Output 
Enable 
1 
6 
ns 


tPXA 
OE to Output 
Disable 
1 
6 
ns 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
3 
9 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
3 
9 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


4. 
Skew testing takes into account pattern and switching direction differences between outputs that have equal loading. 


5. 
Output delay minimums for tpo, teo, tpzx, tpxz, tEA,and tERare defined under best case conditions. Future process improve- 
ments may alter these values therefore, minimum values are recommended for simulation purposes only. 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambi~nt 
Temperature 
with ~ower Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to 
+ 7.0 V 


DC Input Voltage 
-0.5 
V to Vcc + 0.5 V 


DC Output or 1/0 
Pin Voltage 
-0.5 
V to Vcc + 0.5 V 


Stati9 Discharge 
Voltage 
2001 V 


Latchup 
Current 
(TA = O°C to 75°C) 
. . . . . . . . . . . . . . . . . . . .. 
100 mA 


Stres~es above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING 
RANGES 


Commercial (C) Devices 


Temperature 
(TA) Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC ¢HARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless otherwise 
specified 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unit 


VOH 
Output 
HiGH 
Vohage 
IOH =-3.2 
mA 
VIN = VIH or VIL 
2.4 
V 


Vcc = Min 


VOL 
Output 
LOW 
Voltage 
IOL = 24 mA 
VIN = VIH or VIL 
0.5 
V 


Vcc = Min 


VIH 
Input 
HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voltage 
for all Inputs 
(Note 1) 


VIL 
input 
LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 1) 


IIH 
input 
HiGH 
Leakage 
Current 
VIN = 5.25 V, Vcc = Max (Note 2) 
10 
~ 


ilL 
input 
LOW 
Leakage 
Current 
VIN = 0 V, Vcc = Max (Note 2) 
-10 
~ 


IdzH 
Off-State 
Output 
Leakage 
VOUT = 5.25 V, Vcc = Max 
10 
~ 
Current 
HIGH 
VIN = VIH or VIL (Note 2) 


IqZL 
Off-State 
Output 
Leakage 
VOUT = 0 V, Vcc = Max 
-10 
~ 
Current 
LOW 
VIN = VIH or VIL (Note 2) 


isc 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V 
Vcc = Max (Note 3) 
-30 
-150 
mA 


icc 
Supply 
Current 
(Dynamic) 
Outputs 
Open 
(lOUT = 0 mAl 
115 
mA 


Vcc = Max, f = 25 MHz 


Notes~ 


1. Thkse are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 


2. 
I/O pin leakage is the worst case of hLand IOZL(or IIHand IOZH). 


3. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


VOIJT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


AMD~ 


Parameter 
Symbol 
Parameter Descriptions 
Test Conditions 
Typ 
Un" 


CIN 
Input Capacitance 
VIN=2.0V 
I 
Vcc = 5.0 V, TA = 25°C, 
5 
pF 


CooT 
Output Capacitance 
VOUT=2.0 V 
I 
f= 1 MHz 
8 
pF 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Min 


Symbol 
Parameter Description 
(Note 4) 
Max 
Unit 


tPD 
Input or Feedback to Combinatorial Output 
3 
10 
ns 


ts 
Setup Time from Input or Feedback to Clock 
7.5 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
3 
7.5 
ns 


twL 
LOW 
6 
ns 
Clock Width 
tWH 
HIGH 
6 
ns 


External Feedback 
11/(ts+tco) 
66.7 
MHz 
Maximum 
fMAX 
Frequency 
Internal Feedback (ICNT) 
71.4 
MHz 
(Note 3) 
No Feedback 
I 1/(tWH+tWL) 
83.3 
MHz 


tpzx 
OE to Output Enable 
2 
10 
ns 


tpxz 
OE to Output Disable 
2 
10 
ns 


tEA 
Input to Output Enable Using Product Term Control 
3 
10 
ns 


tEA 
Input to Output Disable Using Product Term Control 
3 
10 
ns 


Notes: 
2. See Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


4. 
Output delay minimums for/Po, teo, tpzx, tpxz, tEA,and tERare defined under best case conditions. Future process improve- 
ments may aher these values therefore, minimum values are recommended for simulation purposes only. 


Storage Temperature 
-65°C 
to + 150°C 


Ambi~nt 
Temperature 
with ~ower Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to 
+7.0 V 


DC Input Voltage 
-0.5 
V to Vcc + 0.5 V 


DC Output or 1/0 
Pin Voltage 
-0.5 
V to Vcc + 0.5 V 


Stati 


1 


Discharge 
Voltage 
2001 V 


Latc 
up Current 
(TA = DoC to 75°C) 
. . . . . . . . . . . . . . . . . . . .. 
100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Prgramming 
conditions may differ. 


DC fHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless otherwise 
specified 


OPERATING 
RANGES 


Commercial 
(C) Devices 


Temperature 
(TA) Operating 
in Free Air 
. 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Un" 


VQH 
Output 
HIGH 
Vonage 
IOH =-3.2 
mA 
VIN = VIH or VIL 
2.4 
V 


Vcc 
= Min 


VOL 
Output 
LOW Vonage 
IOL = 24 mA 
VIN = VIH or VIL 
0.5 
V 


Vcc 
= Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Vonage 
for all Inputs 
(Note 
1) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Vonage 
for all Inputs 
(Note 
1) 


IIH 
Input HIGH 
Leakage 
Current 
VIN = 5.25 V, Vcc 
= Max (Note 2) 
10 
~ 


ilL 
Input LOW 
Leakage 
Current 
VIN = 0 V, Vcc 
= Max (Note 2) 
-10 
~ 


ItZH 
Off-State 
Output 
Leakage 
VOUT = 5.25 V, Vcc 
= Max 
10 
~ 
Current 
HIGH 
VIN = VIH or VIL (Note 2) 


lOlL 
Off-State 
Output 
Leakage 
VOUT = 0 V, Vcc 
= Max 
-10 
~ 
Current 
LOW 
VIN = VIH or VIL (Note 2) 


Isc 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vcc 
= Max (Note 3) 
-30 
-150 
mA 


Icc 
Supply 
Current 
(Dynamic) 
Outputs 
Open 
(lOUT = 0 mAl 
55 
mA 


Vcc = Max, f = 15 MHz 


NoteJ( 
1. 
These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 


2. 
110 pin leakage is the worst case of liL and lOlL (or liH and IOZH). 


3. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Descriptions 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN= 2.0 V 
I 
Vcc = 5.0 V, TA = 25°C, 
5 
pF 


CooT 
Output Capacitance 
VOUT=2.0 V I 
1=1 MHz 
8 
pF 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Mln 
Symbol 
Parameter Description 
(Note 4) 
Max 
Unit 


tPD 
Input or Feedback to Combinatorial Output 
3 
10 
ns 


ts 
Setup Time lrom Input or Feedback to Clock 
7.5 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
3 
7.5 
ns 


twL 
LOW 
6 
ns 
Clock Width 
twH 
HIGH 
6 
ns 


External Feedback 
I 
l/(ts+tco) 
66.7 
MHz 
Maximum 
lMAX 
Frequency 
Internal Feedback (ICNT) 
71.4 
MHz 
(Note 3) 
No Feedback 
I 
l/(tWH+tWL) 
83.3 
MHz 


tpzx 
OE to Output Enable 
2 
10 
ns 


tpxz 
OE to Output Disable 
2 
10 
ns 


tEA 
Input to Output Enable Using Product Term Control 
3 
10 
ns 


tER 
Input to Output Disable Using Product Term Control 
3 
10 
ns 


Notes: 
2. See Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


4. 
Output delay minimums for tpo, teo, /Pzx, tpxz, tEA,and tERare defined under best case conditions. Future process improve- 
ments may alter these values therefore, minimum values are recommended for simulation purposes only. 
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AB~OLUTE MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage 
with 
Respect to Ground 
-0.5 
V to 
+ 7.0 V 


DC Input Voltage 
-0.5 
V to Vcc + 0.5 V 


DC Output or I/O 
Pin Voltage 
-0.5 
V to Vee + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Latchup 
Current 
(TA = DoC to 75°C) 
. . . . . . . . . . . . . . . . . . . .. 
100 mA 


OPERATING RANGES 


Commercial 
(C) Devices 


Temperature 
(TA) Operating 
in Free Air 
DoC to +75°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
abovlt these limits is not implied. Exposure to Absolute Maxi- 
mum 'Ratings for extended periods may affect device reliabil- 
ity. Piogramming conditions may differ. 


DC LHARACTERISTICS 
over COMMERCIAL operating ranges unless otherwise 
r... d 
spef'le 


Par~meter 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Unit 
SymbolI~ 
Output 
HIGH 
Voltage 
IOH = -3.2 mA 
VIN = VIH or VIL 
2.4 
V 


Vee = Min 


yOL 
Output 
LOW 
Voltage 
IOL = 24 mA 
VIN = VIH or VIL 
0.5 
V 


Vce = Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 
Voltage 
lor all Inputs 
(Note 1) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 
Voltage 
lor all Inputs 
(Note 1) 


IIH 
Input HIGH 
Leakage 
Current 
VIN = 5.25 V, Vee = Max (Note 2) 
10 
!U\ 


ilL 
Input LOW 
Leakage 
Current 
VIN = 0 V, Vee = Max (Note 2) 
-10 
!U\ 


IOlH 
Oil-State 
Output 
Leakage 
VOUT = 5.25 V, Vee 
= Max 
10 
!U\ 


Current 
HIGH 
VIN = VIH or VIL (Note 2) 


lOlL 
Ofl-State 
Output 
Leakage 
VOUT = 0 V, Vee = Max 
-10 
!U\ 


Current 
LOW 
VIN = VIH or VIL (Note 2) 


ise 
Output 
Short·Circuit 
Current 
VOUT = 0.5 V, Vee = Max (Note 3) 
-30 
-150 
mA 


Ice 
Supply 
Current 
(Dynamic) 
Outputs 
Open 
(lOUT = 0 mAl 
I 
H 
90 
mA 
Vee = Max, I = 15 MHz 
I 
Q 
55 


Noter 
1. 
T~ese are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 


2. vcb pin leakage is the worst case of IlL and IOZL (or liH and IOZH). 


3. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


AMD~ 


Parameter 
Symbol 
Parameter Descriptions 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN=2.0V 
I 
Vcc = 5.0 V, TA = 25°C, 
5 
pF 


CooT 
Output Capacitance 
VOUT=2.0 V 
I 
f= 1 MHz 
8 
pF 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


-15 
-25 
Parameter 
Symbol 
Parameter Description 
Mln 
Max 
Mln 
Max 
Unit 


tPD 
Input or Feedback to Combinatorial Output 
15 
25 
ns 


ts 
Setup TIme from Input or Feedback to Clock 
12 
15 
ns 


tH 
Hold Time 
0 
0 
ns 


tco 
Clock to Output 
10 
12 
ns 


twL 
LOW 
8 
12 
ns 
Clock Width 
twH 
HIGH 
8 
12 
ns 


Maximum 
External Feedback 
11/(ts+tco) 
45.5 
37 
MHz 


fMAX 
Frequency 
Internal Feedback (fCNT) 
50 
40 
MHz 
(Note 3) 
I lI(twH+twL) 
No Feedback 
62.5 
41.6 
MHz 


tpzx 
OE to Output Enable 
15 
20 
ns 


tpxz 
DE to Output Disable 
15 
20 
ns 


tEA 
Input to Output Enable Using Product Term Control 
15 
20 
ns 


tER 
Input to Output Disable Using Product Term Control 
15 
20 
ns 


Notes: 
2. 
See Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Am~ient Temperature 
with IPower Applied 
-55°C 
to + 125°C 


Supply Voltage 
with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage 
-0.5 
V to Vcc + 1.0 V 


DC Output or I/O 
Pin tOltage 
-0.5 
V to Vcc + 1.0 V 


Static Discharge 
Voltage 
2001 V 


Latcfup 
Current 
(Tc - -55°C 
to + 125°C) 
100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functiona/ity at or 
abolle these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Rati'lgs are for system design reference; parameters given 
are riot tested. 


OPERATING 
RANGES 


Military (M) Devices (Note 1) 
Operating 
Case 
Temperature 
(Tc) 
-55°C 
to +125°C 


Supply Voltage 
(Vcc) 
with Respect to Ground 
+4.5 V to +5.5 V 


Note: 


1. Military products are tested at Tc = +25"C, + 125"C and 


-55"C, per MIL-STD-883. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over MILITARY operating 
ranges unless otherwise 
specified 
(Note 
2) 


Pa,rameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Unit 


VOH 
Output 
HIGH 
Voltage 
IOH = -2.0 
mA 
VIN = VIH or VIL 
2.4 
V 


Vcc = Min 


VOL 
Output 
LOW Voltage 
IOL = 12 mA 
VIN = VIH or VIL 
0.5 
V 


Vec = Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voltage 
lor all Inputs 
(Note 3) 


VIL 
Input 
LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
lor all Inputs 
(Note 3) 


IIH 
Input 
HIGH 
Leakage 
Current 
VIN = 5.5 V, Vce 
= Max (Note 4) 
10 
~ 


ilL 
Input 
LOW 
Leakage 
Current 
VIN = 0 V, Vcc 
= Max (Note 4) 
-10 
~ 


IOZH 
Ofl-State 
Output 
Leakage 
VOUT = 5.5 V, Vcc = Max 
10 
~ 
Current 
HIGH 
VIN = VIH or VIL (Note 4) 


lOlL 
Ofl-State 
Output 
Leakage 
VOUT = 0 V, Vec 
= Max 
-10 
~ 
Current 
LOW 
VIN = VIH or VIL (Note 4) 


Ise 
Output 
Short-Circuit 
Current 
Vcc = 5.0 V, VOUT = 0.5 V (Note 5), 
-30 
-150 
mA 


T = 25°C 


lice 
Supply 
Current 
(Dynamic) 
Outputs 
Open 
(lOUT = 0 mAl 
130 
mA 


Vce = Max, I = 25 MHz 


Notes: 
2. 
For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted. 


3. 
V,Land VIHare input conditions of output tests and are not themselves directly tested. VILand V,Hare absolute voltages with 
respect to device ground and include all overshoots due to system andlor tester noise. Do not attempt to test these values 
wrthout suitable equipment. 


4. 
lip pin leakage is the worst case of IrLand IOZL(or IIHand IOZH). 


5. 
Nft more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VpUT= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 
tested, but is evaluated at initial characterization and at any time the design is modified where Isc may be affected. 
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Parameter 
Symbol 
Parameter 
Descriptions 
Test 
Conditions 
Typ 
Unit 


CIN 
Input 
Capacitance 
VIN = 2.0 V 
I 
Vcc 
= 5.0 V, TA = 25°C, 
8 
pF 


GoUT 
Output 
Capacitance 
VOUT= 2.0 V 
I 
1= 1 MHz 
8 
pF 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Symbol 
Parameter 
Description 
Mln 
Max 
Unit 


tPD 
Input or Feedback 
to Combinatorial 
Output 
15 
ns 


ts 
Setup 
TIme Irom 
Input or Feedback 
to Clock 
12 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock 
to Output 
12 
ns 


tWL 
LOW 
10 
ns 
Clock 
Width 
twH 
HIGH 
10 
ns 


Maximum 


External 
Feedback 
I 1/(ts+tco) 
41.6 
MHz 


lMAX 
Frequency 
Internal 
Feedback 
(ICNT) 
45.5 
MHz 
(Note 
3) 


No Feedback 
I 1/(tWH+twL) 
50 
MHz 


tpzx 
OE to Output 
Enable 
(Note 3) 
15 
ns 


tpxz 
OE to Output 
Disable 
(Note 3) 
15 
ns 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
(Note 3) 
15 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
(Note 3) 
15 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. For APL Products, Group A, Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 


~ 
1t:11l 1t:111tJt::ldlUIt:: 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage 
-0.5 
V to Vcc + 1.0 V 


DC Output or 1/0 
Pin Voltage 
-0.5 
V to Vee + 1.0 V 


Static Discharge 
Voltage 
2001 V 


Latchup Current 
(Te - -55°C 
to + 125°C) 
100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


-.--'-'---~ ---- 
Temperature 
(Te) 
-55°C 
to +125°C 


Supply Voltage 
(Vee) 
with Respect to Ground 
+4.5 V to +5.5 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Note: 


1. Military products are tested at Tc = +25"C, + 125"C and 


-55"C, per MIL-STD-883. 


DC CHARACTERISTICS 
over MILITARY operating 
ranges unless 
otherwise 
specified 
(N9te 2) 


p~;ameter 
ymbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Un" 


VOH 
Output 
HIGH 
Voltage 
IOH = -2.0 
mA 
VIN = VIH or VIL 
2.4 
V 


Vee = Min 


VOL 
Output 
LOW 
Voltage 
IOL = 12 mA 
VIN = VIH or VIL 
0.5 
V 


Vee = Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 
Voltage 
lor all Inputs 
(Note 3) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
lor all Inputs 
(Note 3) 


IIH 
Input 
HIGH 
Leakage 
Current 
VIN = 5.5 V, Vee = Max (Note 4) 
10 
!LA 


ilL 
Input 
LOW 
Leakage 
Current 
VIN = 0 V, Vee = Max (Note 4) 
-10 
!LA 


IOZH 
Off-State 
Output 
Leakage 
VOUT = 5.5 V, Vee = Max 
10 
!LA 


Current 
HIGH 
VIN = VIH or VIL (Note 4) 


IOZL 
Ofl-State 
Output 
Leakage 
VOUT = 0 V, Vee = Max 
-10 
!LA 


Current 
LOW 
VIN = VIH or VIL (Note 4) 


Ise 
Output 
Short-Circu~ 
Current 
Vee = 5.0 V. VOUT = 0.5 V (Note 5), 
-30 
-150 
mA 


T = 25°C 


Ice 
Supply 
Current 
(Dynamic) 
Outputs 
Open 
(lOUT = 0 mAl 
130 
mA 


Vee = Max, I = 15 MHz 


Notes: 
2. 
For APL products, Group A, Subgroups 1,2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted. 


3. 
~ILand VIHare input conditions of output tests and are not themselves directly tested. VILand V,Hare absolute voltages with 
rrspect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
~ithout suitable equipment. 


4. 
I/O pin leakage is the worst case of liL and IOZL(or liH and IOZH). 


5. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VOUT= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 
tested, but is evaluated at initial characterization and at any time the design is modified where Isc may be affected. 
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Parameter 
Symbol 
Parameter Descriptions 
Test Conditions 
Typ 
Unit 


CIN 
Input Capac~ance 
VIN - 2.0 V 
I 
Vcc - 5.0 V. TA _ 25°C. 
8 
pF 


CaUl 
Output Capacitance 
Vour- 
2.0 V I 
f -1 
MHz 
8 
pF 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


-20 
-25 
Parameter 
Symbol 
Parameter Description 
Mln 
Max 
Min 
Max 
Unit 


tpo 
Input or Feedback to Combinatorial Output 
20 
15 
ns 


ts 
Setup Time from Input or Feedback to Clock 
15 
15 
ns 


tH 
Hold Time 
0 
0 
ns 


tco 
Clock to Output 
15 
20 
ns 


twL 
LOW 
12 
15 
ns 
Clock Width 
twH 
HIGH 
12 
15 
ns 


Maximum 
External Feedback 
11/(ts+tcO) 
33.3 
28.6 
MHz 


fMAX 
Frequency 
Internal Feedback (fCNT) 
35.7 
30.3 
MHz 
(Note 3) 


No Feedback 
I 1/(twH+twL) 
41.7 
33.3 
MHz 


tpzx 
OE to Output Enable (Note 3) 
20 
20 
ns 


tpxz 
OE to Output Disable (Note 3) 
20 
20 
ns 


tEA 
Input to Output Enable Using Product Term Control (Note 3) 
20 
25 
ns 


lER 
Input to Output Disable Using Product Term Control (Note 3) 
20 
55 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. For APL Products, Group A, Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 


~ 
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SWITCHING WAVEFORMS 


Input or 
Feedback 


Combinatorial 
Output 


Registered 
Output 
_ 


Notes: 


1. 
VT= 1.5 V 


2. 
Input pulse amplitude 0 V to 3.0 V. 


3. 
Input rise and fall times 2 ns - 5 ns typical. 


Must be 
Steady 
\\\\\ 


May 
Change 
from H to L 
/770 


May 
Change 
from Lto H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off" State 


KSOOOO10·PAL 


Commercial 
Military 
Measured 
Specification 
Sl 
CL 
R1 
R2 
Rl 
R2 
Output Value 


tPD,tco 
Closed 
1.5 V 


tpzx, tEA 
Z --+H: Open 
50 pF 
1.5V 
Z --+L: Closed 
2000 
3900 
3900 
7500 


tpxz. tER 
H --+Z: Open 
5 pF 
H-5: 
H --+Z: VQH - 0.5 V 


L --+Z: Closed 
2000 
L --+Z: VOL + 0.5 V 


100 


16V8H-7 


Ice (mA) 
75 
16V8H-10 
16V8H-15125 


50 
16V8Q-10/15125 
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TYPICAL IccCHARACTERISTICS 


VccF 5 V, TA = 25°C 


The ~elected 
"typical" pattern 
utilized 
50% of the device 
resources. 
Half of the macrocells 
were programmed 
as registered. 
and 
the other 
half were programmed 
as combinatorial. 
Half of the available 
product 
terms 
were used 
for each 
macrocell. 
On any 
vector. 
half of the outputs 
were switching. 


By utilizing 
50% of the device. a midpoint 
is defined 
for Ice. From this midpoint. 
a designer 
may scale the Ice graphs 
up or down to 
estimate 
the Ice requirements 
for a particular 
design. 


ENDURANCE CHARACTERISTICS 


The PALCE16V8 is manufactured using AMD's ad- 
vanced Electrically Erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 


parts. As a result, the device can be erased and 
reprogrammecl-a feature which allows 100%testing at 
the factory. 


Symbol 
Parameter 
Test Conditions 
Mln 
Unit 


toR 
Min Pattern Data Retention Time 
Max Storage Temperature 
10 
Years 


Max Operating Temperature 
20 
Years 


N 
Min Reprogramming Cycles 
Normal Programming Conditions 
100 
Cycles 


ESD 
ProgramlVerify 
Protection 
Circuitry 


Preload 
Feedback 
Circuitry 
Input 


~ 
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ROBUSTNESS 
FEATURES 


PALCE16V8X-x/5 
devices 
have some unique features 


that make them extremely 
robust, especially when oper- 


ating in high-speed 
design environments. 
Pull-up resis- 
tors on inputs and I/O pins cause unconnected 
pins to 


defal1lt to a known 
state. Input clamping 
circuitry 
limits 


negative 
overshoot, 
eliminating 
the possibility 
01 false 


clocking 
caused by subsequent 
ringing. A special noise 
filter makes the programming 
circuitry completely 
insen- 


sitive to any positive overshoot 
that has a pulse width of 
less than about 100 ns for the /5 versions. 
Selected 
/4 


devices are also being retrofitted 
with these robustness 


features. 
See chart below for device 
listings. 


INP'rlT/OUTPUT EQUIVALENT SCHEMATICS FOR 15 VERSIONS AND SELECTED 
14 
VERSIONS· 


ESD 
Protection 
and 
Clamping 


I 
I 
I 
I 
I 
I P 
. 
I 
rogrammlng 
= 
L'2n~~!r 
_ 


Provides ESD 
Protection and 
Clamping 


Preload 
Feedback 


Circuitry 
Input 


Rev Letter 
Device 
Filter Only 
Filter and Pullups 


PALCE16V8H-10 
E,F 
I 


PALCE16V8H-15 
D,E,F,G 
H, I 


PALCE16V8Q-15 
D,G 
H 


PALCE16V8H-25 
D,G 
H 


PALqE 16V8Q-25 
D,G 
H 


Topside Marking: 


AMO CMOS PLO's are marked on the top of the package in the 
following manner: 


PALCEXXXX 
Oate Code (3 numbers) Lot JO(4 characters)- -(Rev. Letter) 


The Lot JOand Rev Letter are separated by two spaces. 


POWER-UP RESET 


The PALCE16V8 
has been designed 
with the capability 


to reset during 
system 
power-up. 
Following 
power-up, 
all flip-flops will be reset to LOW. The output state will be 
HIGH independent 
of the logic polarity. This feature pro- 


vides extra flexibility 
to the designer 
and is especially 


valuable 
in simplifying 
state 
machine 
initialization. 
A 


timing diagram 
and parameter 
table are shown below. 
Due to the synchronous 
operation 
of the power-up 
reset 


and the wide range of ways Vcc can rise to its steady 
state, 
two 
conditions 
are 
required 
to 
insure 
a valid 


power-up 
reset. These conditions 
are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOW to HIGH until all applicable 
input and 


feedback 
setup times are met. 


Parameter 
Symbol 
Parameter Descriptions 
Mln 
Max 
Unit 


tPR 
Power-Up Reset Time 
1000 
ns 


ts 
Input or Feedback Setup Time 


See Switching Characteristics 
twL 
Clock Width LOW 


4Vt 


Vcc 


Power 


tPR 
'- 


Registered 
Output 


Clock 


16493B-17 
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TYPICAL THERMAL 
CHARACTERISTICS 


14 Devices (PALCE16V8H-10/4) 


Measured 
at 25°C ambient. 
These parameters 
are not tested. 


Parameter 
Typ. 


Symbol 
Parameter Description 
PDIP 
PLCC 
Unit 


Sjc 
Thermal Impedance. Junction to Case 
25 
22 
·em 


Sja 
Thermal Impedance, Junction to Ambient 
71 
64 
·cm 


Sima 
Thermal Impedance, Junction to Ambient with Air Flow 
200 Ifpm air 
61 
55 
·cm 


400 Ifpm air 
55 
51 
·em 


600 Ifpm air 
51 
47 
·em 


i 
800 Ifpm air 
47 
45 
·em 


IS Devices (PALCE16V8H-7/5) 


Measured 
at 25°C ambient. 
These parameters 
are not tested. 


p~~~eter 


Typ. 


S 
bol 
Parameter Description 
PDIP 
PLCC 
Unit 


~jc 
Thermal Impedance, Junction to Case 
29 
23 
·cm 
aj, 
Thermal Impedance, Junction to Ambient 
70 
61 
·cm 


'i 


ma 
Thermal Impedance, Junction to Ambient with Air Flow 
200 Ifpm air 
64 
53 
·em 


400 Ifpm air 
58 
47 
·em 


600 Ifpm air 
53 
44 
·cm 


800 Ifpm air 
X 
X 
·em 


Plastic Sjo Considerations 


The data listed for plastic S" are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the Sjc measurement relative to a specific location on the 
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the 
package. Furthermore, S" tests on packages are performed in a constant-temperature bath, keeping the package surface at a 
constant temperature. Therefore, the measurements can only be used in a similar environment. 


_ 
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PALLV16V8-10 


Low-Voltage 
20-Pin EE CMOS Universal 


Programmable 
Array Logic 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
Low-voltage operation, 3.3 V JEDEC 
compatible 


- 
Vcc = +3.0 V to +3.6 V 
• 
Pin, function and fuse-map compatible with all 
20-pln GAL devices 


• 
Electrically-erasable 
CMOS technology 
pro- 


vides reconfigurable 
logic and full testability 


• 
Direct plug-In replacement for the PAL16R8 
series and most of the PAL10H8 series 


• 
Designed to interface with both 3.3 V and 5 V 
logic 


• 
Outputs programmable 
as registered or combi- 


natorial In any combination 


• 
Programmable output polarity 


• 
Programmable enable/disable 
control 


• 
Preloadable output registers for testability 


• 
Automatic register reset on power up 


• 
Cost-effective 
20-pln plastic DIP, PLCC, and 


SOIC packages 


• 
Extensive third-party 
software and programmer 


support through FusionPLD partners 


• 
Fully tested for 100% programming 
and func- 


tional yields and high reliability 


GENERAL 
DESCRIPTION 


The PALLV16V8 is an advanced PAL device built with 
low-voltage, high-speed, electrically-erasable CMOS 
technology. It is functionally compatible with all 20-pin 
GALdevices. The macrocells provide a universal device 
architecture. The PALLV16V8 will directly replace the 
PAL16R8 and PAL1OH8series devices, with the excep- 
tion ofthe PAL16C1. 


The PALLV16V8 utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 
complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa- 
tions 
are 
programmed 
into 
the 
device 
through 


floating-gate cells in the AND logic array that can be 
erased electrically. 


The fixed OR array allows up to eight data product 
terms per output for logic functions. The sum of these 


products feeds the output macrocell. Each macrocell 
can be programmed as registered or combinatorial with 
an active-high or active-low output. The output configu- 
ration is determined by two global bits and one local bit 
controlling four multiplexers in each macrocell. 


AMD's FusionPLD program allows PALLV16V8 de- 
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMD certifies that the tools 
provide accurate,quality support. Byensuring that third- 
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please referto 
the Software Reference Guide to PLD Compilers for 
certified development systems and the Programmer 
Reference Guide for approved programmers. 


This document 
conlains 
information 
on a proouet 
under 
development 
al Advanced 
Micro 
Devices. 
Inc. The information 
is 
intended 
to help you evaluaIe 
this product. 
AMD reserves 
the right to change 
or discontinue 
work on this proposed 
product 


without 
nolice. 
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PIN DESIGNATIONS 
Note: 


CL~ 
Clock 
Pin 1 is marked for orientation. 


GN 
Ground 
I 
Input 
I/O 
InpuUOutput 
OE 
Output 
Enable 
Vcc 
Supply Voltage 
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ORDERING INFORMATION 


Commerical Products 


AMD programmable logic products for industrial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 


PAL 


FAMILY TYPE 
_T 
PAL = Programmable Array Logic 


TECHNOLOGY 
LV 
= Low-Vo~age 


LV 
16 V 
8 -10 
P CL OPERATING CONDITIONS 


C = Commercial (O°Cto +75°C) 


NUMBER OF 
ARRAY 
INPUTS 
PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
J 
= 20-Pin Plastic Leaded Chip 
Carrier (PL 020) 


S = 20-Pin Plastic Gull-Wing 


Small Outline Package (SO 020) 


OUTPUT TYPE 
V = Versatile 


SPEED 
-10 = 10 ns tPD 


Valid Combinations 


PALLV16V8-10 
I PC, JC, SC 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations and to check on newly released 
combinations. 


~ 
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FUNCTIONAL 
DESCRIPTION 


The PALLV16V8 
is a low-voltage, 
EE CMOS version of 


the PALCE16V8. 


The PALLV16V8 
is a universal 
PAL device. 
It has eight 


independently 
configurable 
macrocells 
(MCo-MC7). 


Each macrocell 
can be configured 
as registered 
output, 
combinatorial 
output, combinatorial 
1/0 or dedicated 
in- 


put. The programming 
matrix 
il11>lements a program- 


mable AND logic array, which 
drives 
a fixed OR logic 


array, 
Buffers 
for device 
inputs 
have complementary 


outputs to provide 
user-programmable 
input signal po- 
larity. Pins 1 and 11 serve either as array inputs or as 
clock (CLK) and output enable (OE), respectively, 
for all 


flip-flops. 


Unused input pins should be tied directly to Vcc or GND. 
Product 
terms 
with 
all 
bits 
unprogrammed 
(discon- 


nected) 
assume 
the 
logical 
HIGH 
state 
and product 


terms with both true and complement 
of any input signal 


conn~cted 
assume 
a logical LOW state. 


The programmable 
functions 
on the 
PALLV16V8 
are 


automatically 
configured 
from the user's design specifi- 


cation, which can be in a number of formats. 
The design 


specification 
is processed 
by development 
software 
to 


verify the design 
and create 
a programming 
file. This 


file, once downloaded 
to a programmer, 
configures 
the 


device according 
to the user's desired 
function. 


The 
user 
is 
given 
two 
design 
options 
with 
the 


PALLV16V8. 
First, it can be programmed 
as a standard 


PAL device 
from the PAL16R8 
and PAL10H8 
series. 


The PAL programmer 
manufacturer 
will supply 
device 


cocIes for the standard 
PAL device 
architectures 
to be 


used with the PALLV16V8. 
The programmer 
will pro- 


gram 
the PALLV16V8 
in the corresponding 
architec- 


ture. This allows the user to use existing 
standard 
PAL 


device 
JEDEC 
files 
without 
making 
any changes 
to 


them. Alternatively, 
the device can be programmed 
as a 


PALLV16V8. 
Here the user must use the PALLV16V8 


device 
code. 
This 
option 
allows 
full utilization 
of the 


macrocell. 


To 
Adjacent 
Macrocell 


From 
Adjacent 
Pin 
"SG1 


"In mtroce//s 
MCo and MC?, SGt is replaced by SGOon the f99dback multiplexer. 


Figure 1. PALLV16V8 
Macrocell 


Configuration 
Options 


Each macrocell 
can be configured 
as one of the follow- 


ing: registered 
output, combinatorial 
output, combinato- 


rial I/O, or dedicated 
input. 
In the 
registered 
output 


configuration, 
the output buffer is enabled by the OE pin. 


In the combinatorial 
configuration, 
the buffer 
is either 


controlled 
by a product 
term or always 
enabled. 
In the 


dedicated 
input configuration, 
it is always disabled. With 


the exception 
of MCo and MC7, a macrocell 
configured 


as a dedicated 
input derives the input signal from an ad- 


jacent 
I/O. MCo derives 
its input from pin 11 (OE) and 


MC7 from pin 1 (ClK). 


The macrocell 
configurations 
are controlled 
by the con- 


figuration 
control 
word. 
It contains 
2 global 
bits (SGO 


and SG1) and 1610cal bits (SlOothrough 
Sl07 and Sl10 


through 
Sl17). 
SGO determines 
whether 
registers 
will 


be allowed. 
SG1 determines 
whether 
the PAllV16V8 


will emulate a PAL 16R8 family or a PAL 1OH8 family de- 
vice. Within 
each macrocell, 
SlOx, in conjunction 
with 


SG1, 
selects 
the configuration 
of the macrocell, 
and 


Sll. 
sets the output 
as either active low or active high 


for the individual 
macrocell. 


The configuration 
bits work by acting as control 
inputs 


forthe 
multiplexers 
in the macrocell. 
There are four mul- 


tiplexers: 
a product term input, an enable select, an out- 


put select, and a feedback 
select multiplexer. 
SG1 and 


SlOx are the control 
signals for all four multiplexers. 
In 


MCo and MC7, SGO replaces 
SG1 on the feedback 
mul- 


tiplexer. 
This accommodates 
ClK 
being the adjacent 


pin for MC7 and OE the adjacent 
pin for MCo. 


Registered Output Configuration 


The control 
bit settings 
are SGO = 0, SG1 = 1 and 


SlOx = O.There is only one registered 
configuration. 
All 


eight product 
terms 
are available 
as inputs to the OR 


gate. Data polarity is determined 
by Sl1 x.The flip-flop is 


loaded 
on the 
lOW-to-HIGH 
transition 
of ClK. 
The 


feedback 
path 
is from Q on the register. 
The output 


buffer is enabled 
by OE. 


Combinatorial 
Configurations 


The PAllV16V8 
has three 
combinatorial 
output 
con- 


figurations: 
dedicated 
output in a non-registered 
device, 
I/O in a non-registered 
device 
and I/O in a registered 


device. 


Dedicated Output In a Non-Registered 
Device 


The control 
bit settings 
are SGO = 1, SG1 = 0 and 


SlOx = O.All eight product terms are available to the OR 
gate. Although 
the macrocell 
is a dedicated 
output, the 


feedback 
is used, with the exception 
of MC3 and MC4. 
MC3 and MC4 do not use feedback 
in this mode. Be- 


cause ClK 
and OE are not used in a non-registered 
de- 


vice, pins 1 and 11 are available 
as input signals. 
Pin 1 


will use the feedback 
path of MC7 and pin 11 will use the 


feedback 
path of MCo. 


Combinatorial 
I/O In a Non-Registered 


Device 


The control 
bit settings 
are SGO = 1, SG1 = 1, and 


SlOx = 1. Only 
seven 
product 
terms 
are available 
to 


the OR gate. The eighth product term is used to enable 
the output buffer. The signal at the I/O pin is fed back to 
the AND array via the feedback 
multiplexer. 
This allows 


the pin to be used as an input. 


Because 
ClK 
and OE are not used in a non-registered 


device, 
pins 1 and 11 are available 
as inputs. Pin 1 will 


use the feedback 
path of MC, and pin 11 will use the 


feedback 
path of MCo. 


Combinatorial 
I/O in a Registered Device 


The control 
bit settings 
are SGO = 0, SG1 
= 1 and 


SlOx = 1. Only seven product terms are available 
to the 


OR gate. The eighth product term is used as the output 
enable. 
The feedback 
signal 
is the corresponding 
I/O 


signal. 


Dedicated Input Configuration 


The control 
bit settings 
are SGO = 1, SG1 = 0 and 


SlOx = 1. The output buffer is disabled. 
Except for MCo 


and MC7the feedback 
signal is an adjacent 
I/O. For MCo 


and MC7 the feedback 
signals are pins 1 and 11 . These 


configurations 
are summarized 
in Table 1 and illustrated 


in Figure 2. 


Table 
1. Macrocell 
Configuration 


Programmable Output Polarity 


The polarity of each macrocell 
can be active-high 
or ac- 


tive-low, 
either 
to 
match 
output 
signal 
needs 
or to 


reduce 
product 
terms. 
Programmable 
polarity 
allows 


Boolean expressions 
to be written in their most compact 


form (true or inverted), 
and the output can still be of the 


desired 
polarity. 
It can 
also 
save 
"DeMorganizing" 


efforts. 


Selection 
is through 
a programmable 
bit Sl1 x which 


controls 
an exclusive-OR 
gate at the output of the AND/ 


OR logic. The output is active high if Sl1 x is 1 and active 
low if Sll. 
is O. 
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Notes: 


1. Feedback is not available on pins 15 and 16 in the 
combinatorial output mode. 


2. 
The dedicated-input configuration is not available 
on pins 15 and 16. 


Adjacent I/O pin 


Note 2 


AMD~ 


Benefits of Lower Operating Voltage 


The 
PALLV16V8 
has an operating 
voltage 
range 
of 


3.0 V to 3.6 V. Low voltage 
allows for lower operating 


power consumption, 
longer battery 
life, and/or smaller 
batteries 
for notebook 
applications. 


Because 
power is proportional 
to the square of the volt- 


age, reduction 
of the supply voltage from 5.0 V to 3.3 V 


significantly 
reduces 
power consumption. 
This directly 


translates 
to longer battery life for portable 
applications. 
Lower power consumption 
can also be used to reduce 


the size and weight of the battery. 
Thus, 3.3-V designs 


facilitate 
a reduction 
in the form factor. 


A lower operating 
voltage 
results 
in a reduction 
of I/O 


voltage swings. This reduces noise generation 
and pro- 


vides a less hostile environment 
for board design. Lower 


operating 
voltage 
also reduces 
electromagnetic 
radia- 
tion noise and makes obtaining 
FCC approval 
easier. 


Power-Up Reset 


All flip-flops 
power up to a logic LOW for predictable 
sys- 
tem 
initialization. 
Outputs 
of the PALLV16V8 
will de- 
pend 
on whether 
they 
are selected 
as registered 
or 


combinatorial. 
If registered 
is selected, the output will be 


HIGH. 
If combinatorial 
is selected, 
the output will be a 


function 
of the logic. 


Register Preload 


The register on the PALLV16V8 
can be pre loaded from 


the output pins to facilitate functional 
testing of complex 
state machine 
designs. 
This feature 
allows direct load- 
ing of arbitrary 
states, 
making 
it unnecessary 
to cycle 


through 
long test vector 
sequences 
to reach a desired 


state. In addition, 
transitions 
from illegal states can be 


verified 
by loading 
illegal states and observing 
proper 


recovery. 


The preload 
function 
is not disabled 
by the security 
bit. 


This 
allows 
functional 
testing 
after the security 
bit is 


programmed. 


security Bit 


A security bit is provided on the PALLV16V8 
as a deter- 


rent to unauthorized 
copying 
of the array configuration 


patterns. 
Once programmed, 
this bit defeats 
readback 


of the programmed 
pattern by a device programmer, 
se- 


curing proprietary 
designs 
from competitors. 
However, 


programming 
and verification 
are also defeated 
by the 


security 
bit. The bit can only be erased 
in conjunction 


with the array during an erase cycle. 


Electronic Signature Word 


An 
electronic 
signature 
word 
is 
provided 
in 
the 


PALL V 16V8 device. 
It co nsists of 64 bits of programma- 


ble memory that can contain user-defined 
data. The sig- 


nature data is always available 
to the user independent 


of the security 
bit. 


Programming and Erasing 


The PALLV16V8 
can be programmed 
on standard 
logic 


programmers. 
It also may be erased 
to reset a previ- 


ously 
configured 
device 
back 
to 
its 
unprogrammed 


state. 
Erasure 
is automatically 
performed 
by the pro- 


gramming 
hardware. 
No 
special 
erase 
operation 
is 


required. 


Quality and Testability 


The 
PALLV16V8 
offers 
a very 
high 
level 
of built-in 


quality. 
The erasability 
if the device 
provides 
a direct 


means of verifying 
performance 
of all the AC and DC 


parameters. 
In addition, this verifies complete 
program- 


mability 
and 
functionality 
of the 
device 
to yield 
the 


highest 
programming 
yields 
and 
post-programming 


function 
yields in the industry. 


Technology 


The high-speed 
PALLV16V8 
is fabricated 
with AMD's 


advanced 
electrically-erasable 
(EE) 
CMOS 
process. 


The array connections 
are formed with proven 
EE cells. 


This 
technology 
provides 
strong 
input-clamp 
diodes, 


output slew-rate 
control, 
and a grounded 
substrate 
for 


clean switching. 
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ABSOLUTE 
MAXIMUM RATINGS 


Storc~ge Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


SuPPlly Voltage 
with 
Respect to Ground 
-0.5 
V to + 7.0 V 


DC Input Voltage 
-0.5 
V to Vcc + 0.5 V 


DC Output or I/O 
Pin Voltage 
-0.5 
V to Vcc + 0.5 V 


Stati4 Discharge 
Voltage 
2001 V 


Latchup 
Current 
(TA = -40°C 
to 85°C) 
. . . . . . . . . . . . . . . . . .. 
100 mA 


OPERATING 
RANGES 


Commercial (C) Devices 


Ambient 
Temperature 
(TA) 


Operating 
in Free Air 
, 
DoC to +75°C 


Supply Voltage 
(Vee) with 
Respect to Ground 
+3.0 V to +3.6 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Stresfes above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


PRELIMINARY 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Min 
Max 
Unit 


VOH 
Output HIGH Vonage 
VIN= VIHor VIL 
10H= -2 mA 
2.4 
V 


Vce = Min 
100= -100 llA 
Vce-0.2 
V 
V 


VOL 
Output LOW Vonage 
VIN = VIHor VIL 
IOL= 2 mA 
0.4 
V 


Vee = Min 
10L= 100 ~A 
0.1 
V 


~IH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Vonage for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Vonage lor all Inputs (Note 1) 


IIH 
Input HIGH Leakage Current 
VIN= Vee, Vee = Max (Note 2) 
10 
llA 


hL 
Input LOW Leakage Current 
VIN= 0 V, Vec = Max (Note 2) 
-100 
llA 


IOZH 
Off-State Output Leakage 
Vour = Vee, Vee = Max 
10 
llA 


Current HIGH 
VIN= VIHor VIL (Note 2) 


IIZL 
Off-State Output Leakage 
VOUT= 0 V, Vce = Max 
-100 
llA 


Current LOW 
VIN= VIHor VIL (Note 2) 


Ise 
Output Short-Circuit Current 
VOUT= 0.5 V. Vee = Max (Note 3) 
-30 
-150 
mA 


Ice 
Supply Current 
Outputs Open (lOUT= 0 mAl 
55 
mA 


Vce = Max, I = 15 MHz 


Notesi 
1. 
These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 


2. 
I/O pin leakage is the worst case of hLand lozL (or hHand IOZH). 


3. N0I more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Condition 
Typ 
Unit 


CIN 
Input Capac~ance 
VIN= 2.0 V 
I 
Vcc = 5.0 V, TA = 25°C, 
5 
pF 


Cour 
Output Capacitance 
VOUT=2.0V I 
1= 1 MHz 
8 
pF 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


PRELIMINARY 


Parameter 
Symbol 
Parameter Description 
Min 
Max 
Unit 


tPD 
Input or Feedback to Combinatorial Output 
10 
ns 


ts 
Setup TIme Irom Input or Feedback to Clock 
7.5 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
7.5 
ns 


twL 
LOW 
6 
ns 
Clock Width 
twH 
HIGH 
6 
ns 


Maximum 
External Feedback I l/(ts+tco) 
66.7 
MHz 


lMAX 
Frequency 
Internal Feedback (ICNT) 
71.4 
MHz 
(Note 3) 
No Feedback 
I l/(tS+tH) 
83.3 
MHz 


tpzx 
OE to Output Enable 
10 
ns 


tpxz 
OE 10Output Disable 
10 
ns 


lEA 
Input to Output Enable Using Product Term Control 
10 
ns 


tER 
Input to Output Disable Using Product Term Control 
10 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 


ComJinatorial 
Output 


Input or 
Feedback 


Registered 
Output 
_ 


Notes. 


1. 
Vr = 1.5 V for Input Signals and 1.65 V for Output Signals. 


2. 
Input pulse amplitude 0 V to 3.0 V. 


3. 
Inp~t rise and fall times 2 ns -5 ns typical. 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
Steady 
Steady 
\\\\\ 


May 
Will be 
Change 
Changing 
from 
Hto 
L 
from 
H to L 
///// 


May 
Will be 
Change 
Changing 
from 
Lto 
H 
from 
L to H 
'l:lfXl:I 


Don't 
Care, 
Changing, 


Any Change 
State 
Permitted 
Unknown 
1D CK 


Does 
Not 
Center 
Apply 
Line is High- 
Impedance 
"Off" State 


KSOOOO10·PAL 


Measured 


Specification 
S, 
S2 
CL 
R1 
R2 
Output 
Value 


tPD, tca 
Closed 
Closed 
1.65 V 


tPlX, tEA 
Z -+ H: Open 
Z -+ H: Closed 
30 pF 
1.65 V 
Z -+ L: Closed 
Z -+ L: Open 
1.6K 
1.6K 


tpxz, tER 
H -+Z: 
Open 
H -+Z: 
Closed 
H -+Z: 
VOH - 0.5 V 


L -+ Z: Closed 
L -+Z: 
Open 
5 pF 
L -+Z: 
VOL + 0.5 V 
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ENDURANCE CHARACTERISTICS 


The 
PALLV16V8 
is manufactured 
using 
AMD's 
ad- 


vancJd 
Electrically 
Erasable 
process. 
This technology 


EE 
II 
I 
h 
f 
r k 
d' 
b' 
I 


parts. 
As 
a 
result, 
device 
can 
be 
erased 
and 


reprogrammed 
- a feature which allows 100% testing at 


h 
f 
uses fin 
ce 
to rep ace t e use 
In 
use 
In 
lpoar 
t e actory. 


Symbol 
Parameter 
Test Conditions 
Min 
Unit 


tOR 
Min Pattern Data Retention Time 
Max Storage Temperature 
10 
Years 


Max Operating Temperature 
20 
Years 


N 
Min Reprogramming Cycles 
Normal Programming Conditions 
100 
Cycles 


RO~USTNESS FEATURES 


The ~ALLV16V8 
has some unique features 
that make 


it extrpmely 
robust, 
especially 
when operating 
in high- 
speed design environments. 
Pull-up resistors on inputs 


and 
1/0 pins cause 
unconnected 
pins to default 
to a 


known 
state. 
Input 
clamping 
circuitry 
limits 
negative 


overshoot, 
eliminating 
the possibility 
of false 
clocking 


caused 
by subsequent 
ringing. 
A special 
noise 
filter 


makes the programming 
circuitry completely 
insensitive 


to any positive overshoot 
that has a pulse width of less 


than about 100 ns. 


ESD 
Protection 
and 
Clamping 


I 
I 
I 
I 
I 
I P 
. 
I 
rogrammlng 
= 


L'2n2.~!t. 
_ 


Provides ESD 
Protection and 
Clamping 


Preload 
Feedback 


Circuitry 
Input 


POWER-UP RESET 


The PALLV16V8 
has been designed 
with the capability 


to reset during 
system 
power-up. 
Following 
power-up, 
all flip-flops 
will be reset to LOW. The output state will be 


HIGH independent 
of the logic polarity. This feature pro- 


vides extra flexibility 
to the designer 
and is especially 


valuable 
in simplifying 
state 
machine 
initialization. 
A 


timing diagram 
and parameter 
table are shown below. 
Due to the synchronous 
operation 
of the power-up 
reset 


and the wide range of ways Vcc can rise to its steady 
state, 
two 
conditions 
are 
required 
to 
insure 
a valid 


power-up 
reset. These conditions 
are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOW to HIGH until all applicable 
input and feed- 


back setup times are met. 


Parameter 
Symbol 
Parameter Descriptions 
Mln 
Max 
Un" 


tPR 
Power-Up Reset Time 
1000 
ns 


ts 
Input or Feedback Setup Time 


Clock Width LOW 


See Switching Characteristics 
twL 


4Vt 


Vcc 


Power 


tPR 
77{ 


l.. 


Registered 
Output 


Clock 
j 


~t~ 
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·GL.Devices 


_ 
COM'L:-15/25 
~ 
Advanced 
Micro 
Devices 
PALCE16V8Z FAMILY 


Zero-Power 
20-Pin EE CMOS Universal 


Programmable 
Array Logic 


DISTINCTIVE CHARACTERISTICS 


• 
Zero-Power CMOS technology 
- 
15 l!A Standby Current 
- 
15 ns propagation delay for "-15" version 


- 
25 ns propagation delay for "-25" version 


• 
Unused product term disable for reduced 
power consumption 


• 
Available In Industrial operating range 


- 
Tc = -40°C to +85°C 


- 
Vcc = +4.5 V to +5.5 V 
• 
HC- and HCT-Compatible Inputs and outputs 


• 
Pin, function and fuse-map compatible with all 
2o-pln GAL devices 


• 
Electrically-erasable 
CMOS technology 
pro- 


vides reconfigurable 
logic and full testability 


• 
Direct plug-In replacement for the PAL 16R8 
series and most of the PAL 10H8 series 


• 
Outputs programmable 
as registered or combi- 


natorial In any combination 


• 
Programmable output polarity 


• 
Programmable enable/disable 
control 


• 
Preloadable output registers for testability 


• 
Automatic register reset on power up 


• 
Cost-effective 
20-pln plastic DIP and PLCC 


packages 


• 
Extensive third-party 
software and programmer 


support through FusionPLD partners 


• 
Fully tested for 100% programming 
and func- 


tional yields and high reliability 


GENERAL DESCRIPTION 


The PALCE16V8Z is an advanced PALdevice builtwith 
zero-power, high-speed, electrically-erasable CMOS 
technology. It is functionally compatible with all 20-pin 
GALdevices. The macrocells provide a universaldevice 
architecture. The PALCE16V8Z will directly replace the 
PAL16R8 and PAL1OH8series devices, with the excep- 
tion of the PAL16C1. 


The PALCE16V8Z provides zero standby power and 
high speed. At 15 l!A 
maximum standby current, the 


PALCE16V8Z allows battery powered operation for an 
extended period. 


The PALCE16V8Z utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 
complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa- 
tions 
are 
programmed 
into 
the 
device 
through 


floating-gate cells in the AND logic array that can be 
erased electrically. 


The fixed OR array allows upto eight data product terms 
peroutput for logicfunctions. The sum of these products 
feeds the output macrocell. Each macrocell can be 
programmed as registered or combinatorial with an 
active- high or active-low output. The output configura- 
tion is determined by two global bits and one local bit 
controlling four multiplexers in each macrocell. 


AMD's FusionPLD program allows PALCE16V8Z de- 
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMD certifies that the tools 
provide accurate, quality support. Byensuringthatlhird- 
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the PLD Software Reference Guide for certified devel- 
opment systems and the Programmer Reference Guide 
for approved programmers. 
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PIN DESIGNATIONS 


ClK 
Clock 


GND 
Ground 


I 
Input 


I/O 
Input/Output 


OE 
Output Enable 


Vcc 
Supply Voltage 


ORDERING INFORMATION 


Industrial Products 
AMD programmable logic products for industrial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 


FAMILY TYPE 
PAL = Programmable Array Logic 


TECHNOLOGY 
CE = CMOS Electrically Erasable 


PAL 
T 


NUMBER 
OF 
ARRAY INPUTS 


OUTPUT TYPE 
V = Versatile 


NUMBER OF FLIP-FLOPS 


POWER 
Z 
= Zero Power (15 ~ 
lee Standby) 


OPERATING CONDITIONS 
I 
= Industrial (-40°C to +85°C) 


C = Commercial (O°Cto +75°C) 


PACKAGE TYPE 
P = 20-Pin Plastic DIP (PO 020) 
J 
= 20-Pin Plastic Leaded Chip 


Carrier (PL 020) 


SPEED 
-15 = 15 ns tpo 
-25 = 25 ns tpo 


Valid Combinations 


PALCE16V8Z-15 I 
1-----......:.-1 
PI,JI, 
PALCE16V8Z-251 
PC, JC 
Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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FUNCTIONAL 
DESCRIPTION 


The 
PALCE16V8Z 
is the 
zero-power 
version 
of the 


PALCE16V8. 
It has all the architectural 
features 
of the 


PALCE16V8. 
In addition, 
the PALCE16V8Z 
has zero 


standby 
power and unused 
product term disable. 


The 
PALCE16V8Z 
is a universal 
PAL 
device. 
It has 
eight 
independently 
configurable 
macrocells 


(MCorMC7). 
Each macrocell 
can be configured 
as reg- 


istere~ output, 
combinatorial 
output, 
combinatorial 
I/O 


or dedicated 
input. 
The 
programming 
matrix 
imple- 
ment~ a programmable 
AND logic array, which drives a 


fixed pR logic array. Buffers for device inputs have com- 
plementary 
outputs to provide user-programmable 
input 


signal polarity. 
Pins 1 and 11 serve either as array inputs 


or as clock (CLK) and output enable (DE), respectively, 
for all flip-flops. 


Unusfd 
input pins should be tied directly to Vcc or GND. 


Product 
terms 
with 
all 
bits 
unprogrammed 
(discon- 


nected) 
assume 
the 
logical 
HIGH 
state 
and product 
termslwith 
both true and complement 
of any input signal 


connEjcted assume 
a logical LOW state. 


The programmable 
functions 
on the PALCE16V8Z 
are 


automatically 
configured 
from the user's design specifi- 


cation, which can be in a number of formats. 
The design 
specification 
is processed 
by development 
software 
to 


verify the design 
and create 
a programming 
file. This 
file, once downloaded 
to a programmer, 
configures 
the 


device according 
to the user's desired 
function. 


The 
user 
is 
given 
two 
design 
options 
with 
the 


PALCE16V8Z. 
First, it can be programmed 
as a stan- 


dard 
PAL device from 
the 
PAL 16R8 
and 
PAL 10H8 


series. The PAL programmer 
manufacturer 
will supply 


device codes 
for 
the 
standard 
PAL device 
architec- 


tures 
to 
be 
used with 
the 
PALCE16V8Z. 
The pro- 


grammer 
will 
program 
the 
PALCE16V8Z 
in 
the 


corresponding 
architecture. 
This allows the userto 
use 


existing standard 
PAL device JEDEC files without 
mak- 
ing any changes 
to them. Alternatively, 
the device 
can 


be programmed 
as a PALCE 16V8Z. Here the user must 


use the PALCE16V8Z 
device 
code. This option 
allows 


full utilization 
of the macrocell. 


OE 


Vcc 


To 
Adjacent 
Macrocell 


From 
Adjacent 
Pin 


Configuration 
Options 


Each macrocell 
can be configured 
as one of the follow- 
ing: registered 
output, combinatorial 
output, combinato- 


rial I/O, or dedicated 
input. 
In the 
registered 
output 


configuration, 
the output buffer is enabled by theOE pin. 
In the combinatorial 
configuration, 
the buffer 
is either 


controlled 
by a product 
term or always enabled. 
In the 


dedicated 
input configuration, 
it is always disabled. 
With 


the exception 
of MCo and MC7, a macrocell 
configured 


as a dedicated 
input derives the input signal from an ad- 


jacent 
I/O. MCo derives 
its input from pin 11 (OE) and 


MC7 from pin 1 (ClK). 


The macrocell 
configurations 
are controlled 
by the con- 


figuration 
control 
word. 
It contains 
2 global 
bits (SGO 


and SG1) and 16 local bits (SlOothrough 
Sl07and 
Sl10 


through 
Sl17). 
SGO determines 
whether 
registers 
will 


be allowed. SG1 determines 
whether the PAlCE16V8Z 


will emulate 
a PAL 16R8 family or a PAL 1OHa family de- 
vice. Within 
each macrocell, 
SlOx, in conjunction 
with 


SG1, 
selects 
the configuration 
of the 
macroce II, and 


Sl1 x sets the output as either active low or active high 
for the individual 
macrocell. 


The configuration 
bits work by acting as control 
inputs 


forthe 
multiplexers 
in the macrocell. 
There are four mul- 
tiplexers: 
a product term input, an enable select, an out- 
put select, and a feedback 
select multiplexer. 
SG1 and 


SlOx are the control 
signals for all four multiplexers. 
In 


MCo and MC7, SGO replaces SG 1 on the feedback 
multi- 
plexer. This accommodates 
ClK 
being the adjacent pin 


for MC7 and OE 
the adjacent 
pin for MCo. 


Registered Output Configuration 


The control bit settings are SGO = 0, SG1 = 1 and SlOx = 
O. There 
is only one registered 
configuration. 
All eight 
product 
terms 
are available 
as inputs to the OR gate. 
Data 
polarity 
is determined 
by Sl1 x. The 
flip-flop 
is 


loaded 
on the 
lOW-to-HIGH 
transition 
of ClK. 
The 


feedback 
path 
is from Q on the register. 
The output 
buffer is enabled 
by OE. 


Combinatorial 
Configurations 


The PAlCE16V8Z 
has three combinatorial 
output con- 
figurations: 
dedicated 
output in a non-registered 
device, 
I/O in a non-registered 
device 
and I/O in a registered 


device. 


Dedicated Output In a Non-Registered 
Device 


The control bit settings are SGO = 1, SG1 = 0 and SlOx = 
O. All eight product 
terms are available 
to the OR gate. 
Although 
the rnacrocell 
is a dedicated 
output, the feed- 


back is used, with the exception 
of MC3 and MC4. MC3 
and MC4 do not use feedback 
in this mode. 
Because 


ClK 
and OE are not used in a non-registered 
device, 
pins 1 and 11 are available 
as input signals. 
Pin 1 will 


use the feedback 
path of MC7 and pin 11 will use the 


feedback 
path of MCo. 


Combinatorial I/O In a Non-Registered 
Device 


The control bit settings are SGO = 1, SG1 = 1, and SlOx = 
1. Only seven 
product 
terms 
are available 
to the OR 


gate. The eighth product term is used to enable the out- 
put buffer. The signal 
at the I/O pin is fed back to the 


AND array via the feedback 
multiplexer. 
This allows the 


pin to be used as an input. 


Because 
ClK 
and OE are not used in a non-registered 


device, 
pins 1 and 11 are available 
as inputs. Pin 1 will 


use the feedback 
path of MCr and pin 11 will use the 


feedback 
path of MCo. 


Combinatorial I/O in a Registered Device 


The control bit settings are SGO = 0, SG 1 = 1 and SlOx = 
1. Only seven 
product 
terms 
are available 
to the OR 


gate. 
The eighth 
product 
term 
is used 
as the output 


enable. 
The feedback 
signal 
is the corresponding 
I/O 


signal. 


Dedicated Input Configuration 


The control bit settings are SGO = 1, SG1 = 0 and SlOx = 
1. The output buffer is disabled. 
Exceplfor 
MCo and MC7 


the feedback 
signal is an adjacent 
I/O. For MCo and MC7 


the feedback 
signals are pins 1 and 11. These configu- 


rations 
are summarized 
in Table 
1 and 
illustrated 
in 


Figure 2. 


Table 
1. Macrocell 
Configuration 


SGO SG1 
SLOx 
Cell Configuration 
Devices Emulated 


Device Uses Registers 


0 
1 
0 
Registered Output 
PAL16R8, 16R6, 
16R4 


0 
1 
1 
Combinatorial I/O 
PAl16R6,16R4 


Device Uses No Registers 


1 
0 
0 
Combinatorial 
PAL10H8,12H6, 


Output 
14H4, 16H2, 10l8, 
12l6, 14l4, 1612 
1 
0 
1 
Input 
PAL12H6,14H4, 
16H2, 12l6, 14l4, 
1612 


1 
1 
1 
Combinatorial I/O 
PAL16l8 


Programmable Output Polarity 


The polarity of each macrocell 
can be active-high 
or ac- 


tive-low, 
either 
to 
match 
output 
signal 
needs 
or to 


reduce 
product 
terms. 
Programmable 
polarity 
allows 


Boolean expressions 
to be wrillen 
in their most compact 
form (true or inverted), 
and the output can still be of the 


desired 
polarity. 
It can 
also 
save 
"DeMorganizing" 


efforts. 


Selection 
is through 
a programmable 
bit Sl1 x which 


controls 
an exclusive-OR 
gate at the output of the AND/ 


OR logic. The output is active high if Sl1 x is 1 and active 
low if Sl1 x is O. 


Notes: 
1. Feedback is not available on pins 15 
and 16 in the combinatorial output mode. 


2. 
The dedicated-input configuration is not 
available on pins 15 and 16. 
Adjacent 
I/O pin 


Note 2 


zero-Standby 
Power Mode 


The 
PALCE16V8Z 
features 
a 
zero-standby 
power 


mode. 
When none of the inputs switch for an extended 


period 
(typically 
50 ns), the PALCE16V8Z 
will go into 


standby 
mode, 
shutting 
down most of its internal 
cir- 
cuitry. 
The current will go to almost zero (Ice < 15 J,JA). 


The outputs 
will 
maintain 
the states 
held before 
the 


device went into the standby 
mode. 


When any input switches, 
the internal 
circuitry 
is fully 


enabled 
and 
power 
consumption 
returns 
to 
normal. 


This feature 
results 
in considerable 
power 
savings for 


operation 
at low to medium frequencies. 
This savings is 


illustrated 
in the Ice vs. frequency 
graph. 


Product-Term 
Disable 


On a programmed 
PALCE16V8Z, 
any product 
terms 


that are not used are disabled. 
Power 
is cut off from 


these product terms so that they do not draw current. 
As 


shown 
in the 
Ice vs frequency 
graph, 
product-term 


disabling 
results 
in considerable 
power 
savings. 
This 


savings 
is greater 
at the higher frequencies. 


Further hints on minimizing 
power consumption 
can be 


found in the Application 
Note, "Minimizing 
Power Con- 
sumption 
with Zero-Power 
PLDs". 


Power-Up Reset 


Allflip-flops 
power up to a logic LOW for predictable 
sys- 
tem initialization. 
Outputs 
of the PALCE16V8Z 
will de- 
pend 
on whether 
they 
are selected 
as registered 
or 
combinatorial. 
If registered 
is selected, the output will be 
HIGH. 
If combinatorial 
is selected, 
the output will be a 


function 
of the logic. 


Register Preload 


The 
register 
on the 
PALCE16V8Z 
can be preloaded 


from 
the output 
pins to facilitate 
functional 
testing 
of 


complex 
state machine 
designs. 
This feature allows di- 


rect loading of arbitrary states, making it unnecessary 
to 


cycle through 
long test vector sequences 
to reach a de- 
sired state. In addition, transitions 
from illegal states can 


be verified by loading illegal states and observing 
proper 
recovery. 


The preload function 
is not disabled 
by the security 
bit. 


This 
allows 
functional 
testing 
after the security 
bit is 


programmed. 


Security Bit 


A security 
bit is provided 
on the 
PALCE16V8Z 
as a 


deterrent 
to unauthorized 
copying 
of the array configu- 


ration 
patterns. 
Once 
programmed, 
this 
bit 
defeats 


readback 
of the programmed 
pattern 
by a device 
pro- 


grammer, 
securing 
proprietary 
designs 
from competi- 


tors. However, 
programming 
and verification 
are also 


defeated 
by the security 
bit. The bit can only be erased 


in conjunction 
with the array during an erase cycle. 


Electronic Signature Word 


An 
electronic 
signature 
word 
is 
provided 
in 
the 


PALCE16V8Z 
device. 
It consists 
of 64 bits of program- 


mable memory that can contain 
user-defined 
data. The 


signature 
data is always available 
to the user independ- 


ent of the security 
bit. 


Programming and Erasing 


The 
PALCE16V8Z 
can be programmed 
on standard 


logic programmers. 
It also may be erased to reset a pre- 


viously 
configured 
device 
back 
to its unprogrammed 


state. 
Erasure 
is automatically 
performed 
by the pro- 


gramming 
hardware. 
No 
special 
erase 
operation 
is 


required. 


Quality and Testability 


The 
PALCE16V8Z 
offers 
a very 
high level of built-in 


quality. 
The erasability 
if the device 
provides 
a direct 


means 
of verifying 
performance 
of all the AC and DC 


parameters. 
In addition, this verifies complete 
program- 


mability 
and 
functionality 
of the 
device 
to yield 
the 


highest 
programming 
yields 
and 
post-programming 


function 
yields in the industry. 


Technology 


The high-speed 
PALCE 16V8Z is fabricated 
with AM D's 


advanced 
electrically-erasable 
(EE) 
CMOS 
process. 


The array connections 
are formed with proven 
EE cells. 


Inputs and outputs 
are designed 
to be compatible 
with 


HC and HCT devices. 
This technology 
provides 
strong 
input-clamp 
diodes, 
output 
slew-rate 
control, 
and 
a 


grounded 
substrate 
for clean switching. 


~AMD 
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LOGIC DIAGRAM (continued) 


3 4 
7 8 
11'2 15 18 19 20 23 24 27 28 31 
ct." oe 


+~ 


:~r-- 


vcc;:=4 00 


10 
. 
-n 


32== 
~ 
J 
~SLO, 
11 
d 
SOl 
11 


== 
~" 


--I"f'iIv °3 
== 
-u 
>-tD- 
0 
0 
10 
39== 


Sll, 
i5 
~ 
-u- 


10 


15L2r 
" 
SGl*Sl.O, 


+~ 


:~f-- 
, ,""'0 


10 
. 


cer 


Ol 


40 
L 
J 1-SLO, 


00' 


~Ji 
~D- 
0: 
illJ 
-lliJ1'°2 


47 


SLl, 
~ 
18ur U- 
11 
ox 


00 • .:IT. SLO, 


r~ 


lh-- 
vcc 


0--100 


10 


.C~01 


48== 
~ l, 1.SLO, 


- 
~Ji 
;g 
== 
~D- 
0: 
L!2 
~ 
vo, 
== 
55- 


SL', 
~. 
~ 
•..... 


11 
17 
•...... 
ox 


501 .:IT. 
SLO, 


+~ 


11 


vcc~~gl--- 


.c~01 


58== 
~ 
l. 1.SLO• 


== 
~D- 
~Ji 
~ 000 
== 
0: 
~ 


..L 


63== 


SLl, 
~ 
~ 
1= 
18 9 
l- 
I- 
~ 
" 
•...... 
ox 


soo.:IT. SL" 


/1_ 
-{Iil OEll9 
"" 


3 4 
7 8 
11 12 
15 16 
19 20 
23 24 
27 28 
31 


GNO~ 


13061C-6 
(concluded) 


ABSOLUTE 
MAXIMUM RATINGS 


Stor~ge Temperature 
-65°C 
to + 150°C 


AmbIent 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to 
+ 7.0 V 


DC I~put Voltage. 
. . . . . . . . .. 
-0.5 
V to Vce + 0.5 V 


DC qutput 
or 1/0 
Pin Voltage 
-0.5 
V to Vee + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Latchup Current 
(TA = O°C to 75°C) 
100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
abovJ these limits is not implied. Exposure to Absolute Maxi- 
mum fatings 
for extended periods may affect device reliabil- 


ity. Programming conditions may differ. 


OPERATING 
RANGES 


Commercial 
(C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.75 V to +5.25 V 


Industrial 
(I) Devices 


Operating 
Case 
Temperature 
(Tc) 
-40°C 
to +85°C 


Supply Voltage 
(Vee) with 
Respect to Ground 
. . . . . . . . . . .. 
+4.5 V to +5.5 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
and INDUSTRIAL 
operating 
ranges 
unless 
othirwise 
specified 


PRELIMINARY 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Mln 
Max 
Unit 


VQH 
Output HIGH Vo~age 
VIN= VIHor VIL 
10H = 6 mA 
3.84 
V 


Vee = Min 
10H = 20 flA 
Vee -0.1 
V 
V 


VOL 
Output LOW Vo~age 
VIN = VIHor VIL 
JoL = 24 mA 
0.5 
V 


Vee = Min 
10L = 6 mA 
0.33 
V 


IoL = 20 flA 
0.1 
V 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Vo~age for all Inputs (Notes 1 and 2) 


YIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.9 
V 


Voltage lor all Inputs (Notes 1 and 2) 


'IH 
Input HIGH Leakage Current 
VIN= Vcc, Vce = Max (Note 3) 
10 
flA 


ilL 
Input LOW Leakage Current 
VIN = 0 V, Vee = Max (Note 3) 
-10 
flA 


IOlH 
Ofl-State Output Leakage 
VOUT= Vee, Vee = Max 


Current HIGH 
VIN= VIHor VIL (Note 3) 
10 
flA 


lOlL 
Oil-State Output Leakage 
VOUT= 0 V, Vee = Max 


flA 
Current LOW 
VIN= VIHor VIL (Note 3) 
-10 


Ise 
Output Short-Circuit Current 
VOUT= 0.5 V 
Vcc = Max (Note 4) 
-30 
-150 
mA 


Ice 
Supply Current 
Outputs Open (louT = 0 mAl 
1=0 MHz 
15 
flA 


Vcc= Max 
1=25 MHz 
75 
mA 
Notes' 
1. Thfse are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 


2. 
Represents the worst case of HC and HCT standards, allowing compatibility with either. 


3. 
VOpin leakage is the worst case of IlL and IOZL 
(or IIH and IOZH ). 


4. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


VOUT 
= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Condition 
Typ 
Unit 


CIN 
Input 
Capacitance 
VIN= 2.0 V 
I 
Vcc 
= 5.0 V, TA = 25°C, 
5 
pF 


GoUT 
Output 
Capacitance 
VOUT= 2.0 V 
I 
f= 
1 MHz 
8 
pF 


Note: 
1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


SWITCHING CHARACTERISTICS 
over COMMERCIAL and INDUSTRIAL operating ranges 
(Note 2) 


PRELIMINARY 


Parameter 
Symbol 
Parameter Description 
Min 
Max 
Unit 


tPD 
Input or Feedback 
to Combinatorial 
Output 
15 
ns 


ts 
Setup 
Time from 
Input or Feedback 
to Clock 
10 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock 
to Output 
10 
ns 


tWL 
LOW 
8 
ns 
Clock 
Width 
tWH 
HIGH 
8 
ns 


External 
Feedback 
11 /(ts+tco) 
50 
MHz 
Maximum 
fMAX 
Frequency 
Internal 
Feedback 
(ICNT) 
58.8 
MHz 
(Note 3) 


No Feedback 
11/(tWH+twL) 
62.5 
MHz 


tpzx 
OE to Output 
Enable 
15 
ns 


tpxz 
OE to Output 
Disable 
15 
ns 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
15 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
15 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE 
MAXIMUM RATINGS 


Stor1ge Temperature 
-65°C 
to +150°C 


AmbIent 
Temperature 
with Power Applied 
-55°C 
to +125°C 


SUPRly Voltage with 
RespecttoGround 
-0.5 
Vto 
+ 7.0V 


DC Input Voltage 
-0.5 
V to Vcc + 0.5 V 


DC qutput 
or I/O 
Pin Voltage 
-0.5 
V to Vcc + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Latchup 
Current 
(TA = DoC to 75°C) 
100 mA 


Stresses 
above 
those 
listed 
under 
Absolute 
Maximum 
Rat- 


ings 'Pay cause 
permanent 
device 
failure. 
Functionality 
at or 
above 
these limits 
is not implied. 
Exposure 
to Absolute 
Maxi- 


mum fatings 
for extended 
periods 
may affect device 
reliabil- 
ity. Programming 
conditions 
may differ. 


OPERATING 
RANGES 
Commercial (C) Devices 


Ambient 
Temperature 
(TA) 


Operating 
in Free Air 
DoC to +75°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.75 V to +5.25 V 


Industrial (I) Devices 


Operating 
Case 
Temperature 
(Tc) 
-40°C 
to +85°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.5 V to +5.5 V 


Operating 
ranges 
define 
those limits between 
which 
the func- 


tionality 
of the device 
is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
and INDUSTRIAL 
operating 
ranges unless 
oth~rwise 
specified 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Mln 
Max 
Unit 


VOH 
Output HIGH Vo~age 
VIN= VIH or VIL 
IOH = 6 mA 
3.84 
V 


Vcc = Min 
IOH = 20 !LA 
Vcc-O.l 
V 
V 


VOL 
Output LOW Voltage 
VIN = VIHor VIL 
IOL = 24 mA 
0.5 
V 


Vcc = Min 
IOL = 6 mA 
0.33 
V 


IOL = 20 !LA 
0.1 
V 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Vo~age lor all Inputs (Notes 1 and 2) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.9 
V 


Vo~age lor all Inputs (Notes 1 and 2) 


'IH 
Input HIGH Leakage Current 
VIN= Vcc. Vcc = Max (Note 3) 
10 
!LA 


IhL 
Input LOW Leakage Current 
VIN = 0 V. Vcc = Max (Note 3) 
-10 
!LA 


iOZH 
OIl-State Output Leakage 
VOLrr= Vcc. Vcc = Max 


!LA 
Current HIGH 
VIN= VIHor VIL (Note 3) 
10 


10ZL 
Off-State Output Leakage 
VOUT= 0 V. Vcc = Max 


-10 
!LA 
Current LOW 
VIN= VIHor VIL (Note 3) 


Isc 
Output Short-Circuit Current 
VOUT= 0.5 V 
Vcc = Max (Note 4) 
-30 
-150 
mA 


Ice 
Supply Current 
Outputs Open (lOUT= 0 mAl 
1=0 MHz 
15 
llA 


Vcc= Max 
1= 25 MHz 
90 
mA 


Notes: 


1. 
Th1ese are absolute 
values 
with respect 
to device 
ground 
and all overshoots 
due to system 
or tester 
noise 
are included. 


2. 
Rerresents 
the worst case 
of HC and HCT standards, 
allowing 
compatibility 
with either. 


3. 
/10 pin leakage 
is the worst case of ilL and IOZL 
(or IIH and IoZH ). 


4. 
Not more 
than one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 


VOUT 
= 0.5 
V has been 
chosen 
to avoid 
test problems 
caused 
by tester ground 
degradation. 


Parameter 
Symbol 
Parameter Description 
Test Condition 
Typ 
Unit 


CIN 
Input Capacitance 
VIN=2.0V 
I 
Vcc = 5.0 V. TA = 25°C. 
5 
pF 


COUT 
Output Capacitance 
VOUT=2.0 V I 
1=1 MHz 
8 
pF 


Note: 
1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


SWITCHING CHARACTERISTICS 
over COMMERCIAL 
and INDUSTRIAL 
operating 
ranges 
(Note 2) 


Parameter 
Symbol 
Parameter Description 
Min 
Max 
Unit 


tpo 
Input or Feedback to Combinatorial Output (Note 3) 
25 
ns 


ts 
Setup Time Irom Input or Feedback to Clock 
20 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
10 
ns 


tWL 
LOW 
8 
ns 
Clock Width 
tWH 
HIGH 
8 
ns 


External Feedback 11/(ts+tco) 
33.3 
MHz 
Maximum 
lMAX 
Frequency 
Internal Feedback (ICNT) 
50 
MHz 
(Note 4) 
No Feedback 
11/(ts+tH) 
50 
MHz 


tpzx 
OE to Output Enable 
25 
ns 


tpxz 
OE to Output Disable 
25 
ns 


tEA 
Input to Output Enable Using Product Term Control 
25 
ns 


tEA 
Input to Output Disable Using Product Term Control 
25 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
This parameter is tested in Standby Mode. When the device is not in Standby Mode, the tpo will typically be 2 ns faster. 


4. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 


Input or 
Feedback 


Registered 
Output 
_ 
Combinatorial 
Output 


Notes: 


1. v) = 1.5 V for Input Signals and 2.5 V for Output Signals. 


2. 
Input pulse amplitude 0 V to 3.0 V. 


3. 
Input rise and fall times 2 ns - 5 ns typical. 


AMD~ 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
Steady 
Steady 
\\\\\ 


May 
Will be 
Change 
Changing 
from H to L 
from H to L 


/7777 


May 
Will be 
Change 
Changing 
from L to H 
from L to H 
'l:l:tll:I 


Don't Care, 
Changing, 
Any Change 
State 
Permitted 
Unknown 
]}) (I[ 
Does Not 
Center 
Apply 
Line is High- 
Impedance 
"Off" State 


KSOOOO10-PAl 


Measured 


Specification 
S1 
S2 
CL 
R1 
R2 
Output 
Value 


tPD,tco 
Closed 
Closed 
2.5 V 


tpzx, tEA 
Z ....•H: Open 
Z ....•H: Closed 
30 pF 
2.5 V 


Z ....•L: Closed 
Z ....•L: Open 
8200 
8200 


tpxz, tER 
H ....•Z: Open 
H ....•Z: Closed 
5 pF 
H ....•Z: VQH - 0.5 V 


L ....•Z: Closed 
L ....•Z: Open 
L ....•Z: VOL + 0.5 V 
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TypICAL 
Ice CHARACTERISTICS 
FOR THE PALCE16V8Z-25 


Vee = 5.0 V, TA = 25°C 


90 


100%' 


70 


50%' 


50 
25%' 


30 


Icc(mA) 
10 


Ice vs. Frequency 
Graph for the PALCE16V8Z-25 


ENDURANCE CHARACTERISTICS 


The 
PALCE16V8Z 
is manufactured 
using AMD's 
ad- 
vanced 
Electrically 
Erasable 
process. 
This technology 


uses an EE cell to replace the fuse link used in bipolar 


Endurance Characteristics 


parts. 
As a result, 
the 
device 
can 
be erased 
and 


reprogrammed 
- a feature which allows 100% testing at 


the factory. 


Symbol 
Parameter 
Test Conditions 
Min 
Unit 


tOR 
Min Pattern 
Data 
Retention 
Time 
Max Storage 
10 
Years 


Temperature 


Max Operating 
20 
Years 


Temperature 


N 
Min Reprogramming 
Cycles 
Normal 
Programming 
100 
Cycles 


Conditions 


ROBUSTNESS 
FEATURES 


The PALCE16V8Z 
has some unique features that make 


it extremely 
robust, 
especially 
when operating 
in high- 


speed 
design 
environments. 
Input clamping 
circuitry 


limits negative 
overshoot, 
eliminating 
the possibility 
of 


false clocking 
caused by subsequent 
ringing. A special 


noise filter makes the programming 
circuitry completely 


insensitive 
to any positive 
overshoot 
that has a pulse 


width of less than about 100 ns. 


ESD 
Input 
Protection 
Transition 
and 
Detection 
Clamping 


I 
I 
I 
I 
I 
I Programming = 
~~s~~ 
_ 


Preload 
Circuitry 
Feedback 
Input 


Input 
Transition 
Detection 
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POWER-UP RESET 


The PALCE16V8Z 
has been designed 
with the capabil- 


ity to reset during 
system 
power-up. 
Following 
power- 


up, 311 flip-flops 
will be reset to LOW. The output 
state 


willtle 
HIGH independent 
of the logic polarity. This fea- 


ture provides 
extra flexibility to the designer 
and is espe- 
cially valuable 
in simplifying 
state machine initialization. 


A timing diagram 
and parameter 
table are shown below. 


Due to the synchronous 
operation 
of the power-up 
reset 


and the wide range of ways 
Vcc can rise to its steady 


state, 
two 
conditions 
are 
required 
to 
insure 
a valid 


power-up 
reset. These conditions 
are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOW to HIGH until all applicable 
input and 


feedback 
setup times are met. 


Parameter 
SYfbOI 
Parameter Descriptions 
Min 
Max 
Unit 


1PR 
Power-Up Reset Time 
1000 
ns 


ts 
Input or Feedback Setup Time 
See Switching Characteristics 


twL 
Clock Width LOW 


tPR 
--- 
•...•J 
7/ 
\Vl 


~tWL 


Registered 
Output 


TYPICAL THERMAL CHARACTERISTICS 


Measured 
at 25°C ambient. 
These parameters 
are not tested. 


PALCE16V8Z-25 


Parameter 
Typ. 


Symbol 
Parameter Description 
PDIP 
PLCC 
Unit 


9jc 
Thermal impedance, junction to case 
20 
19 
°CIW 


9ja 
Thermal impedance, junction to ambient 
65 
57 
°CIW 


9jma 
Thermal impedance, junction to 
200 Ifpm air 
58 
41 
°CIW 
ambient with air flow 
400 Ifpm air 
51 
37 
°CIW 


600 Ifpm air 
47 
35 
°CIW 


800 Ifpm air 
44 
33 
°CIW 


Plastic 9Ic Considerations 


The data listed 
for plastic 9jc are for reference 
only and are not recommended 
for use in calculating 
junction 
temperatures. 
The 
heat-flow 
paths 
in plastic-encapsulated 
devices 
are complex, 
making 
the 9jc measurement 
relative 
to a specific 
location 
on the 
package 
surface. 
Tests indicate 
this measurement 
reference 
point is directly 
below the die-attach 
area on the bottom 
center 
of the 
package. 
Furthermore, 
9jc tests on packages 
are performed 
in a constant-temperature 
bath, keeping 
the package 
surface 
at a 
constant 
temperature. 
Therefore, 
the measurements 
can only be used in a similar 
environment. 
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.GL" 
Devices 


_ 
IND: -25/30 


~ 
Advanced 
Micro 
Devices 
PALLV16V8Z Family 


Low-Voltage, Zero-Power, 20-Pin EE CMOS Universal 
Programmable 
Array Logic 


DISTINCTIVE CHARACTERISTICS 
• Low-voltage operation, 3.3 V JEDEC 
• Direct plug-In replacement for the PAL 16R8 
compatible 
series and most of the PAL 1OH8series 


- 
Vcc = +3.0 V to +3.6 V 
• Outputs programmable 
as registered or combl- 
• Zero-power CMOS technology 
natorlalln 
any combination 


- 
15lJ.Astandby current 
• Programmable output polarity 


- 
25 ns propagation delay for "-25" version 
• Programmable enable/disable control 


- 
30 ns propagation delay for "-30" version 
• Preloadable output registers for testability 
• Industrial operating temperature range 
• Automatic register reset on power up 


- 
Tc = -40°C to +85°C 
• Cost-effective 
20-pln plastic DIP, PLCC, and 
• Unused product term disable for reduced 
SOIC packages 


power consumption 
• Extensive third-party 
software and programmer 
• Pin, function and fuse-map compatible with all 
support through FusionPLD partners 
20-pln GAL devices 
• Fully tested for 100% programming 
and func- 
• Electrically-erasable 
CMOS technology 
pro- 
tlonal yields and high reliability 
vldes reconflgurable 
logic and full testability 


GENERAL 
DESCRIPTION 


The PALLV16V8Z is an advanced PALdevice built with 
low-voltage, zero-power, high-speed, electrically-eras- 
able CMOS technology. Itisfunctionally compatiblewith 
all 20-pin GAL devices. The macrocells provide a uni- 
versal device architecture. The PALLV16V8Z will di- 
rectly replace the 
PAL16R8 and PAL1OH8 series 


devices, with the exception of the PAL16C1. 


The PALLV16V8Z provides zero standby power and 
high speed. At 15 lJ.A maximum standby current, the 
PALLV16V8Z allows battery powered operation for an 
extended period. 


The PALLV16V8Z utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 
complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa- 
tions 
are 
programmed 
into 
the 
device 
through 


floating-gate cells in the AND logic array that can be 
erased electrically. 


The fixed OR array allows upto eight data product terms 
per output for logicfunctions. The sum of these products 
feeds the output macrocell. Each macrocell can be 
programmed as registered or combinatorial with an ac- 
tive-high or active-low output. The output configuration 
is determined by two global bits and one local bit 
controlling four multiplexers in each macrocell. 


AMD's FusionPLD program allows PALLV16V8Z de- 
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMD certifies that the tools 
provide accurate, quality support. By ensuring thatthird- 
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the Software Reference Guide to PLD Compilers for 
certified development systems and the Programmer 
Reference Guide for approved programmers. 
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BLOCK DIAGRAM 


Programmable 
AND 
Array 
32 x 64 


OE/lg 
1100 
1/0, 
1/02 
1/03 
1/04 
1/05 
1/06 
1/07 


17422B-1 


CONNECTION 
DIAGRAMS (Top View) 
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PIN DESIGNATIONS 
Note: 
ClK 
Clock 
Pin 1is marked for orientation. 


GND 
Ground 
I 
Input 
I/O 
Input/Output 
OE 
Output 
Enable 
Vcc 
Supply Voltage 


2-116 
PALLV16V8Z 
Family 


AMD~ 


ORDERING INFORMATION 


Industrial Products 
AMD programmable logic products for industrial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 


FAMILY TYPE 
PAL = Programmable Array Logic 


TECHNOLOGY 
LV 
= Low-Vo~age 


PAL 
T 


OPERATING CONDITIONS 
I 
= Industrial (-40°C to +85°C) 


NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
V = Versatile 


NUMBER OF FLIP-FLOPS 


POWER 
Z 
= Zero Power (15 ~ 
lee Standby) 


PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
J 
= 20-Pin Plastic Leaded Chip 


Carrier (PL 020) 


S = 20-Pin Plastic Gull-Wing 


Small Outline Package (SO 020) 
SPEED 
-25 = 25 ns tPD 
-30 = 30 ns tPD 


PALLV16V8Z-25 


PALLV16V8Z-30 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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FUNCTIONAL 
DESCRIPTION 


The PALLV16V8Z 
is a low-voltage, 
EE CMOS version 


of the PALCE16V8. 
In addition, 
the PALLV16V8Z 
has 


zero[ standby 
power and unused 
product term disable. 


The FALL V16V8Z 
is a universal 
PAL device. It has eight 


independently 
configurable 
macrocells 
(MCa-MC7). 


Each macrocell 
can be configured 
as registered 
output, 
combinatorial 
output, combinatorial 
1/0 or dedicated 
in- 


put. The programming 
matrix 
implements 
a program- 


mable AND logic array, which 
drives 
a fixed OR logic 


arrar.' 
Buffers 
for device 
inputs 
have complementary 


outp 
ts to provide 
user-programmable 
input signal po- 


larit 
. Pins 1 and 11 serve either as array inputs or as 


clock (CLK) and output enable (OE), respectively, 
for all 


flip-flops. 


Unused input pins should be tied directly to Vcc or GND. 
Product 
terms 
with 
all 
bits 
unprogrammed 
(discon- 


nected) 
assume 
the 
logical 
HIGH 
state 
and product 


terms with both true and complement 
of any input signal 


con1ected 
assume 
a logical LOW state. 


The programmable 
functions 
on the PALL V16V8Z 
are 


automatically 
configured 
from the user's design specifi- 


cation, which can be in a number of formats. 
The design 


specification 
is processed 
by development 
software 
to 


verify the design 
and create 
a programming 
file. This 


file, once downloaded 
to a programmer, 
configures 
the 


device according 
to the user's desired 
function. 


The 
user 
is 
given 
two 
design 
options 
with 
the 


PALLV16V8Z. 
First, it can be programmed 
as a stan- 


dard 
PAL device from 
the 
PAL16R8 
and 
PAL10H8 


series. The PAL programmer 
manufacturer 
will supply 


device codes 
for 
the 
standard 
PAL device 
architec- 


tures to be used with the PALLV16V8Z. 
The program- 


mer 
will 
program 
the 
PALL V16V8Z 
in 
the 


corresponding 
architecture. 
This allows the userto 
use 


existing standard 
PAL device JEDEC files without 
mak- 


ing any changes 
to them. Alternatively, 
the device 
can 


be programmed 
as a PALLV16V8Z. 
Herethe 
user must 


use the PALLV16V8Z 
device 
code. This option 
allows 


full utilization 
of the macrocell. 


To 
Adjacent 
Macrocell 


From 
Adjacent 
Pin 


'In mjCrOCellS 
MCa and MC?, 
SG1 is replaced 
by sao on the feedback 
multiplexer. 


Figure 
1. PALLV16V8Z 
Macrocell 


Configuration 
Options 


Each macrocell 
can be configured 
as one of the follow- 
ing: registered 
output, combinatorial 
output, combinato- 


rial 1/0, or dedicated 
input. 
In the 
registered 
output 


configuration, 
the output buffer is enabled by the OE pin. 


In the combinatorial 
configuration, 
the buffer 
is either 


controlled 
by a product 
term or always enabled. 
In the 


dedicated 
input configuration, 
it is always disabled. With 


the exception 
of MCo and MC7, a macrocell 
configured 


as a dedicated 
input derives the input signal from an ad- 
jacent 
1/0. MCo derives 
its input from pin 11 (OE) and 


MC7 from pin 1 (ClK). 


The macrocell 
configurations 
are controlled 
by the con- 


figuration 
control 
word. 
It contains 
2 global 
bits (SGO 


andSG1) 
and 16 local bits (SlOothrough 
Sl07and 
Sl10 


through 
Sl17). 
SGO determines 
whether 
registers 
will 


be allowed. 
SG1 determines 
whether the PAllV16V8Z 


will emulate a PAL 16R8family 
or a PAL 10H8 family de- 
vice. Within 
each macrocell, 
SlOx, in conjunction 
with 


SG1, 
selects 
the configuration 
of the macrocell, 
and 


Sl1 x sets the output as either active low or active high 
for the individual 
macrocell. 


The configuration 
bits work by acting as control 
inputs 


forthe 
multiplexers 
in the macrocell. 
There are four mul- 


tiplexers: 
a product term input, an enable select, an out- 


put select, and a feedback 
select multiplexer. 
SG1 and 


SlOx are the control 
signals for all four multiplexers. 
In 


MCo and MC7, SGO replaces SG1 on the feedback 
mul- 
tiplexer. 
This accommodates 
ClK 
being the adjacent 


pin for MC7 and OE the adjacent 
pin for MCo. 


Registered Output Configuration 


The control 
bit settings 
are SGO = 0, SG1 = 1 and 


SlOx = O. There is only one registered 
configuration. 
All 


eight product 
terms 
are available 
as inputs to the OR 


gate. Data polarity is determined 
by Sl1 x.The flip-flop is 


loaded 
on the 
lOW-to-HIGH 
transition 
of ClK. 
The 


feedback 
path 
is from a on the register. 
The output 


buffer is enabled 
by OE. 


Combinatorial 
Configurations 


The PAllV16V8Z 
has three combinatorial 
output con- 


figurations: 
dedicated 
output in a non-registered 
device, 
1/0 in a non-registered 
device 
and 1/0 in a registered 


device. 


Dedicated Output In a Non-Registered 
Device 


The control 
bit settings 
are SGO = 1, SG1 = 0 and 


SlOx = O.All eight product terms are available to the OR 
gate. Although 
the macrocell 
is a dedicated 
output, the 


feedback 
is used, with the exception 
of MC3 and MC4. 


MC3 and MC4 do not use feedback 
in this mode. Be- 


cause ClK 
and OE are not used in a non-registered 
de- 


vice, pins 1 and 11 are available 
as input signals. 
Pin 1 


will use the feedback 
path of MC7 and pin 11 will use the 


feedback 
path of MCo. 


Combinatorial 
I/O In a Non-Registered 


Device 


The control 
bit settings 
are SGO = 1, SG1 = 1, and 


SlOx = 1. Only seven product terms are available 
to the 


OR gate. The eighth product term is used to enable the 
output buffer. The signal at the 1/0 pin is fed back to the 
AND array via the feedback 
multiplexer. 
This allows the 


pin to be used as an input. 


Because 
ClK 
and OE are not used in a non-registered 


device, 
pins 1 and 11 are available 
as inputs. Pin 1 will 


use the feedback 
path of MCr and pin 11 will use the 


feedback 
path of MCo. 


Combinatorial 
I/O in a Registered Device 


The control 
bit settings 
are SGO = 0, SG1 = 1 and 


SlOx = 1. Only seven product terms are available 
to the 


OR gate. The eighth product term is used as the output 
enable. 
The feedback 
signal 
is the corresponding 
1/0 


signal. 


Dedicated Input Configuration 


The control 
bit settings 
are SGO = 1, SG1 = 0 and 


SlOx = 1. The output buffer is disabled. 
Except for MCo 


and MC7 the feedback 
signal is an adjacent 
1/0. For MCo 


and MC7 the feedback 
signals are pins 1 and 11. These 


configurations 
are summarized 
in Table 1 and illustrated 


in Figure 2. 


Table 1. Macrocell 
Configuration 


Programmable Output Polarity 


The polarity of each macrocell 
can be active-high 
or ac- 


tive-low, 
either 
to 
match 
output 
signal 
needs 
or to 


reduce 
product 
terms. 
Programmable 
polarity 
allows 


Boolean expressions 
to be written in their most compact 


form (true or inverted), 
and the output can still be of the 


desired 
polarity. 
It can 
also 
save 
"DeMorganizing" 


efforts. 


Selection 
is through 
a programmable 
bit Sl1 x which 


controls 
an exclusive-OR 
gate at the output of the AND/ 


OR logic. The output is active high if Sl1 x is 1 and active 


low if Sl1 x is O. 
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Notes: 


1. Fekdback is not available on pins 15 and 16 in the 


cOh7binatorialoutput mode. 


2. 
The dedicated-input configuration is not available 
on pins 15 and 16. 


Adjacent 
1/0 pin 


Note 2 


Benefits of Lower Operating Voltage 


The PALLV16V8Z 
has an operating 
voltage 
range of 


3.0 V to 3.6 V. Low voltage 
allows for lower operating 


power consumption, 
longer battery 
life, and/or smaller 


batteries 
for notebook 
applications. 


Because 
power is proportional 
to the square of the volt- 


age, reduction 
of the supply voltage from 5.0 V to 3.3 V 


significantly 
reduces 
power consumption. 
This directly 


translates 
to longer battery life for portable applications. 
Lower power consumption 
can also be used to reduce 


the size and weight of the battery. Thus, 3.3-V designs 
facilitate 
a reduction 
in the form factor. 


A lower operating 
voltage 
results in a reduction 
of I/O 


voltage swings. This reduces noise generation 
and pro- 


vides a less hostile environmenlfor 
board design. Lower 


operating 
voltage 
also reduces 
electromagnetic 
radia- 


tion noise and makes obtaining 
FCC approval 
easier. 


zero-Standby 
Power Mode 


The 
PALLV16V8Z 
features 
a 
zero-standby 
power 


mode. 
When none of the inputs switch for an extended 


period 
(typically 
50 ns), the PALLV16V8Z 
will go into 


standby 
mode, 
shutting 
down 
most of its internal 
cir- 
cuitry. The current will go to almost zero (Icc < 15 ~). 
The outputs 
will 
maintain 
the 
states 
held before 
the 


device went into the standby 
mode. 


When any input switches, 
the internal 
circuitry 
is fully 


enabled and power consumption 
returns to normal. This 


feature results in considerable 
power savings for opera- 


tion at low to medium frequencies. 
This savings 
is illus- 
trated 
in the Icc vs. frequency 
graph. 


Product-Term 
Disable 


On a programmed 
PALLV16V8Z, 
any product 
terms 


that are not used are disabled. 
Power 
is cut off from 


these product terms so that they do not draw current. As 
shown 
in the 
Icc vs frequency 
graph, 
product-term 


disabling 
results 
in considerable 
power 
savings. 
This 


savings 
is greater 
at the higher frequencies. 


Further hints on minimizing 
power consumption 
can be 


found 
in the Application 
Note "Minimizing 
Power Con- 


sumption 
with Zero-Power 
PLDs." 


Power-Up Reset 


All flip-flops 
power up to a logic LOW for predictable 
sys- 


tem initialization. 
Outputs 
of the PALL V16V8Z 
will de- 
pend 
on whether 
they 
are selected 
as registered 
or 


combinatorial. 
If registered 
is selected, the output will be 


HIGH. 
If combinatorial 
is selected, 
the output will be a 


function 
of the logic. 


Register Preload 


The 
register 
on the 
PALLV16V8Z 
can be preloaded 


from the output 
pins to facilitate 
functional 
testing 
of 


complex 
state machine 
designs. 
This feature 
allows di- 


rect loading of arbitrary states, making it unnecessary 
to 


cycle through 
long test vector sequences 
to reach a de- 


sired state. In addition, transitions 
from illegal states can 


be verified by loading illegal states and observing 
proper 


recovery. 


The preload function 
is not disabled 
by the security 
bit. 


This 
allows 
functional 
testing 
after the 
security 
bit is 


programmed. 


security Bit 


A security 
bit is provided 
on the 
PALLV16V8Z 
as a 


deterrent 
to unauthorized 
copying 
of the array configu- 


ration 
patterns. 
Once 
programmed, 
this 
bit 
defeats 


readback 
of the programmed 
pattern 
by a device 
pro- 


grammer, 
securing 
proprietary 
designs 
from competi- 


tors. However, 
programming 
and verification 
are also 


defeated 
by the security 
bit. The bit can only be erased 


in conjunction 
with the array during an erase cycle. 


Electronic Signature Word 


An 
electronic 
signature 
word 
is 
provided 
in 
the 


PALLV16V8Z 
device. 
It consists 
of 64 bits of program- 


mable memory that can contain user-defined 
data. The 


signature 
data is always available 
to the user independ- 


ent of the security 
bit. 


Programming and Erasing 


The 
PALLV16V8Z 
can be programmed 
on standard 


logic programmers. 
It also may be erased to reset a pre- 


viously 
configured 
device 
back 
to its unprogrammed 


state. 
Erasure 
is automatically 
performed 
by the pro- 


gramming 
hardware. 
No 
special 
erase 
operation 
is 


required. 


Quality and Testability 


The 
PALLV16V8Z 
offers 
a very 
high 
level of built-in 


quality. 
The erasability 
if the device 
provides 
a direct 


means of verifying 
performance 
of all the AC and DC 


parameters. 
In addition, this verifies complete 
program- 


mability 
and 
functionality 
of the 
device 
to yield 
the 


highest 
programming 
yields 
and 
post-programming 


function 
yields in the industry. 


Technology 


The high-speed 
PALLV16V8Z 
is fabricated 
with AMD's 


advanced 
electrically-erasable 
(EE) 
CMOS 
process. 


The array connections 
are formed with proven EE cells. 


This technology 
provides 
strong 
input-clamp 
diodes, 


output 
slew-rate 
control, 
and a grounded 
substrate 
for 


clean switching. 
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ABSOLUTE 
MAXIMUM RATINGS 


StorJge 
Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to 
+ 7.0 V 


DC I~put Voltage 
-0.5 
V to Vee + 0.5 V 


DC Output or I/O 
Pin Voltage 
-0.5 
V to Vee + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Latehup Current 
(TA = -40°C 
to 85°C) 
. . . . . . . . . . . . . . . . . .. 
100 mA 


OPERATING 
RANGES 


Industrial (I) Devices 


Operating 
Case 
Temperature 
(Te) 
-40°C 
to +85°C 


Supply Voltage 
(Vee) with 
Respect to Ground 
+3.0 V to +3.6 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Stresses above those listed under Abso/ute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


I 


DC CHARACTERISTICS 
over INDUSTRIAL 
operating 
ranges unless 
otherwise 
specified 


PRELIMINARY 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Min 
Max 
Unit 


1 


00 
Output HIGH Voltage 
VIN= VIHor VIL 
laH = -2 mA 
2.4 
V 


Vee = Min 
IOH= -100 lJA 
Vee-0.1 
V 
V 


VOL 
Output LOW Voltage 
VIN = VIHor VIL 
laL = 2 mA 
0.4 
V 


Vee = Min 
laL = 100 >LA 
0.1 
V 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
Vee + 0.3 
V 


Voltage for all Inputs (Note 1) 


'IlL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Voltage for all Inputs (Note 1) 


hH 
Input HIGH Leakage Current 
VIN= Vee. Vee = Max (Note 2) 
10 
lJA 


IlL 
Input LOW Leakage Current 
VIN = 0 V, Vee = Max (Note 2) 
-10 
lJA 


IOZH 
Off-State Output Leakage 
VOUT= Vee, Vee = Max 
10 
lJA 


Current HIGH 
VIN= VIHor VIL(Note 2) 


IOZL 
Off-State Output Leakage 
VOUT= 0 V, Vee = Max 
-10 
lJA 


Current LOW 
VIN= VIHor VIL(Note 2) 


Ise 
Output Short-Circuit Current 
VOUT= 0.5 V, Vee = Max (Note 3) 
-30 
-150 
mA 


Ice 
Supply Current 
Outputs Open (lOUT= 0 mAl 
f = 0 MHz 
15 
lJA 


Vee= Max 
f = 25 MHz 
55 
mA 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 


2. 
110 pin leakage is the worst case of liL and IOZL(or liH and IOZH). 


3. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


VdUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Condition 
Typ 
Unit 


CIN 
Input 
Capacitance 
VIN= 2.0 V 
I 
Vcc 
= 5.0 V, TA = 25°C, 
5 
pF 


GouT 
Output 
Capacitance 
VOUT= 2.0 V I 
f= 
1 MHz 
8 
pF 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


PRELIMINARY 


Parameter 
Symbol 
Parameter 
Description 
Min 
Max 
Unit 


tPD 
Input or Feedback 
to Combinatorial 
Output 
(Note 3) 
25 
ns 


ts 
Setup 
Time from 
Input or Feedback 
to Clock 
20 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock 
to Output 
10 
ns 


twL 
LOW 
8 
ns 
Clock 
Width 
twH 
HIGH 
8 
ns 


Maximum 
External 
Feedback 
11/(ts+tcO) 
33.3 
MHz 


fMAX 
Frequency 
Internal 
Feedback 
(fCNT) 
50 
MHz 
(Note 4) 
No Feedback 
11/(tS+tH) 
50 
MHz 


1pzx 
OE to Output 
Enable 
25 
ns 


tpxz 
OE to Output 
Disable 
25 
ns 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
25 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
25 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
Thisparameter is tested in Standby Mode. When the device is not in Standby Mode, the tPDwill typically be abou12 ns faster. 


4. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with ~ower Applied 
-55°C 
to +125°C 


Supp~y Voltage with 
Resp~ct to Ground 
-0.5 
V to 
+ 7.0 V 


DC I~put Voltage 
-0.5 
V to Vcc + 0.5 V 


DC Output or 1/0 
Pin Voltage 
-0.5 
V to Vee + 0.5 V 


Statio Discharge 
Voltage 
2001 V 


Latchup Current 
(TA = -40°C 
to 85°C) 
. . . . . . . . . . . . . . . . . .. 
100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
abov~ these limits is not implied. Exposure to Absolute Maxi- 
mum fatings 
for extended periods may affect device reliabil- 
ity. Prgramming 
conditions may differ. 


OPERATING RANGES 


Industrial 
(I) Devices 


Operating 
Case 
Temperature 
(Te) 
-40°C 
to +85°C 


Supply Voltage 
(Vec) with 
Respect to Ground 
+3.0 V to +3.6 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unit 


VOH 
Output 
HIGH 
Vokage 
VIN = VIH or VIL 
10H = -2 mA 
2.4 
V 


Vee = Min 
100 = -100 
lJ.A 
Vee -0.1 
V 
V 


VOL 
Output 
LOW Vokage 
VIN = VIH or VIL 
10l = 2 mA 
0.4 
V 


Vee = Min 
10l = 100 lJ.A 
0.1 
V 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
Vee + 0.3 
V 


Vokage 
for all Inputs 
(Note 1) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 1) 


hH 
Input 
HIGH 
Leakage 
Current 
VIN = Vee, Vee 
= Max (Note 2) 
10 
lJ.A 


ilL 
Input 
LOW 
Leakage 
Current 
VIN = 0 V, Vcc 
= Max (Note 2) 
-10 
lJ.A 


IOZH 
Off-State 
Output 
Leakage 
VOUT = Vec, 
Vee 
= Max 
10 
lJ.A 


Current 
HIGH 
VIN = VIH or VIL (Note 2) 


IOZL 
Off-State 
Output 
Leakage 
VOUT = 0 V, Vee 
= Max 
-10 
lJ.A 


Current 
LOW 
VIN = VIH or VIL (Note 2) 


!se 
Output 
Short-Circu~ 
Current 
VOUT = 0.5 V, Vee = Max (Note 3) 
-30 
-150 
mA 


Ice 
Supply 
Current 
Outputs 
Open 
(lOUT = 0 mAl 
f = 0 MHz 
15 
lJ.A 


Vee= 
Max 
f = 25 MHz 
55 
mA 


Notef: 
1. 
These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 


2. 
110pin leakage is the worst case of IlL and IOZL (or hHand IOZH). 


3. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Condition 
Typ 
Unit 


CIN 
Input Capacitance 
VIN= 2.0 V 
I 
Vcc = 5.0 V, TA = 25°C, 
5 
pF 


COUT 
Output Capacitance 
VOUT=2.0V I 
1=1 MHz 
8 
pF 


Note: 
1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Symbol 
Parameter Description 
Min 
Max 
Unit 


tPD 
Input or Feedback to Combinatorial Output (Note 3) 
30 
ns 


ts 
Setup nme Irom Input or Feedback to Clock 
30 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
15 
ns 


twL 
LOW 
13 
ns 
Clock Width 


twH 
HIGH 
13 
ns 


Maximum 
External Feedback 11/(ts+tco) 
22 
MHz 


lMAX 
Frequency 
Internal Feedback (ICNT) 
38.4 
MHz 
(Note 4) 
No Feedback 
11/(tS+tH) 
38.4 
MHz 


tpzx 
OE to Output Enable 
25 
ns 


tpxz 
OE to Output Disable 
25 
ns 


tEA 
Input to Output Enable Using Product Term Control 
30 
ns 


tER 
Input to Output Disable Using Product Term Control 
30 
ns 


Notes: 
2. 
See Switching Test Circuit for test conditions. 


3. 
Thisparameter is tested in Standby Mode. When the device is not in Standby Mode, the tPDwill typically be about 2 ns faster. 


4. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 


Combinatorial 
Output 
Registered 
Output 
_ 


Notes: 


1. 
Vr = 1.5 V for Input Signals and 1.65 V for Output Signals. 


2. 
Input pulse amplitude 0 V to 3.0 V. 


3. 
Input rise and fall times 2 ns - 5 ns typical. 
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Any Change 
Permitted 


Does Not 
Apply 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from 
L to H 


Changing, 
State 
Unknown 


Center 
Line is H igh- 
Impedance 
"Off" State 


KSOOOO10-PAL 


3.3 V 
L 


Measured 


Specification 
S1 
S2 
CL 
R1 
R2 
Output Value 


tPD, teD 
Closed 
Closed 
1.65 V 


tpzx, tEA 
z~ H: Open 
z~ H: Closed 
30 pF 
1.65 V 
Z~L: 
Closed 
Z ~L:Open 
1.6K 
1.6K 


tpxz, tER 
H ~Z:Open 
H ~Z: 
Closed 
H ~ Z: VOH - 0.5 V 


L~Z: 
Closed 
L ~Z: 
Open 
5 pF 
L~Z:VQ+0.5V 


~ 
lMD 


TypjCAL 
Ice CHARACTERISTICS 
FOR THE PALLV16V8Z-30 


Vcc = 3.3 V, TA = 25°C 


I 
'Perert 
of produet terms used. 


Icevs. Frequency 
Graph for the PALLV16V8Z·30 


ENDURANCE CHARACTERISTICS 


The 
PALLV16V8Z 
is manufactured 
using 
AMD's 
ad- 


vanced 
Electrically 
Erasable 
process. 
This technology 


uses an EE cell to replace the fuse link used in bipolar 


parts. 
As 
a result, 
the 
device 
can 
be 
erased 
and 


reprogrammed-a 
feature which allows 100% testing at 


the factory. 


Symbol 
Parameter 
Test Conditions 
Mln 
Unit 


tOR 
Min Pattern Data Retention Time 
Max Storage Temperature 
10 
Years 


Max Operating Temperature 
20 
Years 


N 
Min Reprogramming Cycles 
Normal Programming Conditions 
100 
Cycles 


ROBUSTNESS 
FEATURES 


The PALLV16V8Z 
has some unique features that make 


it extremely 
robust, 
especially 
when operating 
in high- 


speed 
design 
environments. 
Input clamping 
circuitry 


limits negative 
overshoot, 
eliminating 
the possibility 
of 


false clocking 
caused by subsequent 
ringing. A special 


noise filter makes the programming 
circuitry 
completely 


insensitive 
to any positive 
overshoot 
that has a pulse 


width of less than about 100 ns. 


ESD 
Protection 
and 
Clamping 


I 
I 
I 
I 
I 
IProgramming = 
~~s~~ 
_ 


Input 
Transition 
Detection 


Preload 
Circuitry 
Feedback 
Input 


Input 
Transition 
Detection 
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POWER-UP RESET 


The PALLV16V8Z 
has been designed 
with the capabil- 


ity to reset during 
system 
power-up. 
Following 
power- 
up, all flip-flops 
will be reset to LOW. The output 
state 
will be HIGH independent 
of the logic polarity. This fea- 
ture provides 
extra flexibility to the designer and is espe- 
cial~' valuable 
in simplifying 
state machine 
initialization. 
A ti 
ing diagram 
and parameter 
table are shown below. 
Due 0 the synchronous 
operation 
of the power-up 
reset 


and the wide range of ways Vcc can rise to its steady 
state, 
two 
conditions 
are 
required 
to 
insure 
a valid 


power-up 
reset. These conditions 
are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOW to HIGH until all applicable 
input and 


feedback 
setup times are met. 


Parameter 
Symbol 
Parameter Descriptions 
Min 
Max 
Unit 


tPR 
Power-Up Reset Time 
1000 
ns 


ts 
Input or Feedback Setup Time 
See Switching Characteristics 
twL 
Clock Width LOW 


4Vf. 


Vcc 


Power 


l" 
tPR 
77f 


Registered 
Output 


Clock 
j 
~w 
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TYPICAL THERMAL CHARACTERISTICS 


Measured 
at 25°C ambient. 
These parameters 
are not tested. 


Parameter 
Typ. 


Symbol 
Parameter Description 
PDIP 
PLCC 
Unit 


9jc 
Thermal Impedance, Junction to Case 
20 
19 
°CIW 


9". 
Thermal Impedance, Junction to Ambient 
65 
57 
°CIW 


9jma 
Thermal Impedance, Junction to Ambient with Air Flow 
200 Ifpm air 
58 
41 
°CIW 


400 Ifpm air 
51 
37 
°CIW 


600 Ifpm air 
47 
35 
°CIW 


800 Ifpm air 
44 
33 
°elW 


Plastic 
91< Considerations 
The data listed for plastic 9jc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the 9jc measurement relative to a specific location on the 
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the 
package. Furthermore, 9jc tests on packages are performed in a constant-temperature bath, keeping the package surface at a 
constant temperature. Therefore, the measurements can only be used in a similar environment. 
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~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
High output-current 
drive capability 


(64 mA 
IOL) 


• 
Programmable Totem-Pole or Open-Drain 
Outputs 


• 
200 mV Hysteresis 
• 
Programmable 
Direct or Latched Inputs 


• 
Outputs configurable 
as D or T flip-flops 


• 
Outputs programmable 
as registered 


or combinatorial 
in any combination 


• 
Automatic 
register reset on pQwer-up 


• 
Preloadable output registers for testability 


• 
Programmable enable/disable control 


• 
Electrically Erasable CMOS technology 
pro- 


vides reconfigurable 
logic and full testability 


• 
Cost-effective 
24-pin plastic SKINNYDlpill>and 


28-pin PLCC packages 


• 
Extensive third-party 
software and programmer 


support through FusionPLD partners 


• 
Fully tested for 100% programming 
and func- 


tional yields and high reliability 


GENERAL 
DESCRIPTION 


The PALCE16V8HD is the first CMOS PAL device to 
combine high-current drive capability with a PAL archi- 
tecture. The PALCE16V8HD can sink up to 64 mA for 
bus applications. It also has an advanced PALarchitec- 
ture using a programmable macrocell to help provide a 
universal solution. 


The 
PALCE16V8HD 
utilizes 
the 
familiar 
sum-of- 


products (AND/OR) architecture that allows users to 
implement complex logicfunctions easily and efficiently. 
Multiple levels of combinatorial logic can always be 
reduced to sum-of-products form, taking advantage of 
the very wide input gates available in PAL devices. The 
equations are programmed into the device through 
floating-gate cells in the AND logic array that can be 
erased electrically. 


The fixed OR array allows upto eight data productterms 
peroutput for logic functions. The sum of these products 
feeds the output macrocell. Each macrocell can be pro- 
grammed as registered or combinatorial with an active- 
high or active-low output. The output configuration is 


determined by two global bits and one local bit control- 
ling four multiplexers in each macrocell. 


The PALCE16V8HD has some additional features that 
make it an ideal choice for bus applications. These 
include input hysteresis of 200 mV, clean output-switch- 
ing signals, programmable totem-pole or open-drain 
output configurations, programmable direct or latched 
inputs, and programmable D-or T-type output registers. 


AMD's FusionPLD program allows PALCE16V8HD de- 
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMD certifies that the tools 
provide accurate,quality support. By ensuring thatthird- 
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the PLD Software Reference Guide for certified devel- 
opment systems and the Programmer Reference Guide 
for approved programmers. 
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CON~ECTION DIAGRAMS 
Top View 


ClK/lo 
VCC 


11 
1107 


12 
1106 


lE/13 
GND 


14 
1/05 


lE/13 


15 
1104 


14 


16 
VCC 
15 


NC 


17 
GND 


Is 
1103 
16 


OE!lg 
1102 
17 


VCC 
110, 
Is 


GND 
1100 


15559D-2 
Note: 
Pin 1is marked for orientation. 


PIN DESIGNATIONS 


ClK 
= Clock 
lE 
= latch 
Enable 
GND 
= Ground 
I 
= Input 
I/O 
= InpuUOutput 
NC 
= No Connect 
OE 
= Output 
Enable 
Vcc 
= Supply Voltage 
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ORDERING INFORMATION 


Commercial 
Products 
AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 


PAL 
CE 
16 V 8 HD -15 P C 
J ---r- t= 


FAMILY TYPE 
----- 


PAL= 
Programmable Array Logic 


TECHNOLOGY 
-------' 


CE = CMOS Electrically Erasable 


NUMBER OF 
ARRAY INPUTS 
OUTPUT TYPE 
---J 


V = Versatile 
NUMBER OF FLlp.FLOPS 
...J 


DRIVE 
HD 
= 
High Output Drive 


PROGRAMMING DESIGNATOR 
Blank = Initial Release 


OPERATING CONDITIONS 
C = Commercial (O°Cto +75°C) 


L- 
PACKAGE TYPE 
P = 24-Pin Plastic SKINNYDIP (PD 3024) 
J 
= 28-Pin Plastic Leaded Chip 


Carrier (PL 028) 


SPEED 
-15 
= 
15 ns tPD 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


~ 
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FU~CTIONAL DESCRIPTION 


The 
IPALCE16V8HD 
is 
a 
universal 
PAL 
device 
with eight 
independently 
configurable 
macrocells 


(MCo-MC7). 
Each 
macrocell 
can be configured 
as a 
registered 
output. 
combinatorial 
output, 
combinatorial 


1/0 or dedicated 
input. The programming 
matrix imple- 
ments a programmable 
AND logic array, which drives a 


fixed OR logic array. Buffers for device inputs have com- 
plementary 
outputs to provide user-programmable 
input 
signal polarity. 
Pins 1 and 10 serve either as array inputs 
or as clock (CLK) and output enable (OE), respectively, 
for all flip-flops. 


All inputs to the array can be individually 
programmed 


as either direct or transparent-latch 
inputs. 
LEIla is the 
latch enable 
pin. The inputs to the array also have a 


minimum 
of 200 mVof 
hysteresis. 


Unused input pins should be tied directly to Vcc or GND. 
Product 
terms 
with 
all 
bits 
unprogrammed 
(discon- 


nected) 
assume 
the 
logical 
HIGH 
state 
and 
product 
terms with both true and complement 
of any input signal 
connected 
assume 
a logical LOW state. 


The 
programmable 
functions 
on the 
PALCE16V8HD 
are 
automatically 
configured 
from 
the 
user's 
design 
specification, 
which can be in a number of formats. 
The 


design specification 
is processed 
by development 
soft- 


ware to verify the design and create a programming 
file. 


This file, once downloaded 
to a programmer, 
configures 
the device according 
to the user's desired 
function. 


'In macrocells MCa and MCT, 
SGt is replaced by SGO on the 
feedback multiplexer. 


OE 
Vcc 


From 
Adjacent 
Pin 


-1 
F_i_g_U_re_1._p_A_L_C_E_1_6_V_8_H_D_I/O_M_a_c_ro_c_e_I_1 
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Device Configuration 


The configuration 
of the PALCE16V8HD 
is controlled 
by 


the configuration 
control word. 
It contains 
2 global bits 


(SGO and SG1) and 48 local bits (SLOo through 
SL07, 


SL10 through 
SL 17, SL21 through 
SL2s, SL30 through 


SL37, SL40 through 
SL47 and SL50 through SL57). SGO 


determines 
whether 
registers will be allowed. 
SG1 and 


the individual 
SLOx bits select the output macrocell con- 


figuration 
as 
registered 
output, 
combinatorial 
input, 
combinatorial 
output, 
or combinatorial 
1/0. SL3x 
sets 


the feedback 
path to the array as either direct or latched. 


SL4x sets the output buffer as either a totem pole or an 


open drain. 
SL5x sets the register as either aD orTtype 


flip-flop. 
At each input pin, SL2x sets the input as direct 


or latched. 


Input Pin Configuration 
Options 


Each input pin can be configured 
as either a direct input 


or a transparent 
latch. The input-pin configuration 
is set 


by the local fuse SL2x. 
When SL2x is unprogrammed, 


the input is direct. 
When SL2x is programmed, 
the input 


is through 
a corresponding 
transparent 
latch. 


The latch is enabled 
via LE/Is. 
The latches 
hold data 


when LElIs 
is low. They are transparent 
when LElIs is 


HIGH. 
I/O Macrocell Configuration 
Options 


Each 1/0 macrocell 
can be configured 
as one of the fol- 
lowing: registered 
output, 
combinatorial 
output, combi- 
natorialllO, 
or dedicated 
input. In the registered 
output 
configuration, 
the output buffer is enabled by the OE pin. 


In the combinatorial 
configuration, 
the buffer 
is either 


controlled 
by a product term or always 
enabled. 
In the 


dedicated 
input configuration, 
it is always disabled. With 


the exception 
of MCo and MC7, a macrocell 
configured 


as a dedicated 
input derives the input signal from an ad- 
jacent 
1/0. MCo derives 
its input from pin 10 (OE) and 


MC7 from pin 1 (CLK). These 
configurations 
are sum- 
marized 
in Table 
1 and illustrated 
in Figure 3. 


The 
feedback 
path 
in each 
macrocell 
can 
be 
pro- 


grammed 
as either 
direct 
or latched. 
The feedback 


configuration 
is set by the local fuse SL3x. 
When SL3x 


is unprogrammed, 
the corresponding 
feedback 
path is 


direct to the array. 
When SL3x is programmed, 
the cor- 


responding 
feedback 
path is through 
a corresponding 


transparent 
latch. 


The latch is enabled 
via LE/Is. 
The latches 
hold data 


when LElIs is LOW. 
They are transparent 
when LE/Is is 


HIGH. 


Registered Output Configurations 


There are two registered 
configurations: 
D-type and T- 


type. Tile type is selected 
by SL5x. 


In the registered 
configurations 
all eight product 
terms 


are available 
as inputs to the OR gate. 
The flip-flop 
is 


loaded on the LOW-to-HIGH 
transition 
of CLK. The out- 


put buffer is enabled 
by OE. 


Feedback 
to the array can be either direct or latched. 


Direct feedback 
is from Q of the register to the product- 


term array. 
Latched feedback 
is from Q of the register 


through 
a transparent 
latch to the product-term 
array. 


LElIs is the latch-enable 
signal. 


Combinatorial 
Configurations 


The 
PALCE16V8HD 
has three 
combinatorial 
output 


configurations: 
dedicated 
output in a non-registered 
de- 


vice, 1/0 in a non-registered 
device 
and 1/0 in a regis- 


tered device. 
Dedicated Output in a Non-Registered 
Device 


In this configuration, 
the output buffer is always enabled; 


therefore 
all eight product terms are available 
to the OR 


gate. The feedback 
to the array is from an adjacent 
1/0 


pin. 1/03 and 1/04 do not have connections 
to adjacent 


macrocells; 
therefore, 
MC3 and MC4 do not have feed- 


back to the array in this mode. 


Because 
CLK and OE are not used in a non-registered 


device, pins 1 and 10 are available 
as input signals. 
Pin 


1 will use the feedback 
path of MC7 and pin 10 will use 


the feedback 
path of MCo. 


Combinatorial 
I/O In a Non-Registered 


Device 


Only seven product terms are available to the OR gate in 
this configuration. 
The eighth product term is used to en- 


able the output 
buffer. 
The signal 
at the I/O pin is fed 


back to the AND array via the feedback 
multiplexer. 
This 


allows the pin to be used as an input. 


Because 
CLK and OE are not used in a non-registered 


device, 
pins 1 and 10 are available 
as inputs. Pin 1 will 


use the feedback 
path of MC, and pin 10 will use the 


feedback 
path of MCo. 


Combinatorial 
I/O in a Registered Device 


In this configuration 
only seven product terms are avail- 


able to the OR gate. The eighth product term is used as 
the output 
enable. 
The feedback 
signal 
is the corre- 


sponding 
1/0 signal. 


Dedicated Input Configuration 


The output buffer 
is disabled 
in this configuration. 
Ex- 


cept for MCo and MC7 the feedback 
signal is an adjacent 


1/0. For MCa and MC7 the feedback 
signals 
are pins 1 


and 10. 


Pins 16 (19) and 19 (23) do not have connections 
to ad- 


jacent macrocells. 
The dedicated-input 
configuration 
is 


not available 
on these pins. 


Device Uses Registers 
o 
T-Type Registered Output 


o 
D-Type Registered Output 


Device Uses No Registers 
o 
0 
X 
Combinatorial Output 


o 
X 
Dedicated Input 


1 
X 
Combinatorial I/O 


Pro rammable Output Polarity 


The pplarity of each macrocell 
can be active-high 
or ac- 
tive-19w, 
either 
to 
match 
output 
signal 
needs 
or to 


reduce 
product 
terms. 
Programmable 
polarity 
allows 


Boole1an expressions 
to be written in their most compact 
form (Itrue or inverted), 
and the output can still be of the 
desir~d 
polarity. 
It can 
also 
save 
"DeMorganizing" 


effortl 


Output Buffer Configurations 


The output buffer can be configured 
as either a totem- 


pole output or an open-drain 
output. 
This configuration 


is set by SL4x 
. The buffer is a totem-pole 
output when 


SL4x is unprogrammed 
and an open-drain 
output when 


SL4x 
is programmed. 
In the totem-pole 
configuration, 


the output voltage 
levels are the standard 
VOH and VOL 


levels. 
In the open-drain 
configuration, 
Vex is the stan- 


dard value. 
However, 
VQH will depend 
on the termina- 


tion circuitry. 


To 
Logic 
Array 


To 
Logic 
Array 


Combinatorial 
I/O Active 
Low 


with Latched 
Feedback 
Combinatorial 
I/O Active 
High 


with Latched 
Feedback 


Note: 


1. All output and I/O configurations are valid 


as either totem-pole outputs or open- 
collector outputs. 


Figure 3. 
Macrocell 
Configurations 
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To 
Logic 
Array 


Combinatorial 
Output 
Active 
Low 


with Latched 
Feedback 


Input 
or 1/0 
Pin 


To 
Logic 
Array 


Notesr 
1. Al/jOutput and I/O configurations are valid 


as either totem-pole outputs or open- 
co 1ectoroutputs. 


2. 
Feedback is not available on pins 16 
and 19 in the combinatorial output mode. 


3. 
The dedicated-input configuration is not 
available on pins 16 and 19. 


To 
Logic 
Array 
Q 
D 


LE 


Combinatorial 
Output 
Active 
High 


with Latched 
Feedback 


~ 
~~--<J 
Adjacent 
1/0 pin 


Note 3 


Power-Up Reset 


All flip-flops 
power 
up to a logic LOW for predictable 


system initialization. 
Outputs of the PALCE16V8HD 
will 


depend 
on whether 
they are selected 
as registered 
or 


combinatorial. 
If registered 
is selected, the output will be 


HIGH. 
If combinatorial 
is selected, 
the output will be a 


function 
of the logic. 


Register Preload 


The register 
on the PALCE16V8HD 
can be preloaded 


from the output 
pins to facilitate 
functional 
testing 
of 


complex 
state machine 
designs. 
This feature allows di- 


rect loading of arbitrary states, making it unnecessary 
to 


cycle through 
long test vector sequences 
to reach a de- 


sired state. In addition, transitions 
from illegal states can 


be verified by loading illegal states and observing 
proper 


recovery. 


Security Bit 


A security 
bit is provided 
on the PALCE16V8HD 
as a 


deterrent 
to unauthorized 
copying 
of the array configu- 


ration 
patterns. 
Once 
programmed, 
this 
bit defeats 


readback 
of the programmed 
pattern 
by a device 
pro- 
grammer, 
securing 
proprietary 
designs 
from competi- 
tors. However, 
programming 
and verification 
are also 


defeated 
by the security 
bit. The bit can only be erased 


in conjunction 
with the array during an erase cycle. 


Electronic Signature Word 


An 
electronic 
signature 
word 
is 
provided 
in 
the 


PALCE16V8HD 
device. 
It consists 
of 64 bits of pro- 


grammable 
memory that can contain user-defined 
data. 


The signature 
data is always available 
to the user inde- 


pendent 
of the security 
bit. 


Programming and Erasing 


The PALCE16V8HD 
can be programmed 
on standard 


logic programmers. 
It also may be erased to reset a pre- 


viously 
configured 
device 
back to its virgin state. 
Era- 


sure is automatically 
performed 
by the programming 


hardware. 
No special erase operation 
is required. 


Quality and Testability 


The 
PAL 16V8HD 
offers 
a very 
high 
level 
of built-in 


quality. 
The erasability 
of the device 
provides 
a direct 


means 
of verifying 
performance 
of all the AC and DC 


parameters. 
In addition, 
this 
helps 
verify 
complete 


programmability 
and functionality 
of the device to yield 


the highest programming 
yields and post-programming 


function 
yields in the industry. 


Technology 


The 
high-speed 
PALCE16V8HD 
is 
fabricated 
with 


AMD's 
advanced 
electrically-erasable 
(EE) 
CMOS 


process. The array connections 
are formed with proven 


EE cells. Inputs and outputs are designed 
to be compat- 


ible with TIL 
devices. 
This technology 
provides 
strong 


input-clamp 
diodes, 
output 
slew-rate 
control, 
and 
a 


grounded 
substrate 
for clean switching. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
ReSPjct 
to Ground 
-0.5 
V to 
+7.0 V 


DC Input Voltage 
, -0.5 
V to Vcc + 0.5 V 


DC Output or I/O 
Pin Voltage 
-0.5 
V to Vcc + 0.5 V 


Static Discharge 
Voltage 
. . . . . . . . . . . . . . .. 
2001 V 


Latchup 
Current 
(TA = O°C to 75°C) 
100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ffatings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING RANGES 


Commercial 
(C) Devices 


Temperature 
(TA) Operating 


in Free Air 
O°C to +75°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.75 V to +5.25 V 


Operating ranges define those limits between 
which the 


functionality of the device is guaranteed. 


DC 
HARACTERISTICS 
over COMMERCIAL operating 
ranges unless 
otherwise 
specified 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Min 
Max 
Unit 


VQH 
Output HIGH Vohage 
10H=-16 
mA 
VIN= VIH or VIL 
2.4 
V 
Totem-pole Configuration 
Vcc = Min 


VOL 
Output LOW Vohage 
IOL= 64 mA 
VIN = VIHor VIL 
0.5 
V 


Vcc = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Voltage for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Voltage for all Inputs (Note 1) 


VHYS 
Hysteresis (Notes 2 and 3) 
Vcc = Min 
200 
mV 


IIH 
input HIGH Leakage Current 
VIN= 5.25 V, Vcc = Max (Note 4) 
10 
~ 


IlL 
Input LOW Leakage Current 
VIN = 0 V, Vcc = Max (Note 4) 
-10 
~ 


IOZH 
Off-State Output Leakage 
VOUT= 5.25 V, Vcc = Max 
10 
~A 
Current HIGH 
VIN= VIHor VIL (Note 4) 


IOZL 
Off-State Output Leakage 
VOUT= 0 V, Vcc = Max 
-10 
~ 
Current LOW 
VIN= VIHor VIL (Note 4) 


Isc 
Output Short-Circuit Current 
VOUT= 0.5 V, Vcc = Max (Note 5) 
-30 
-150 
mA 
r 


Supply Current 
Outputs Open (lOUT= 0 mAl 
115 
mA 


Vcc = Max, f = 25 MHz 


Notes; 


1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 


2. 
Hysteresis is the difference between the positive going input threshold voltage and the negative going input 
threshold voltage. 


3. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is 
modified where these parameters may be affected. 


4. 
I/O pin leakage is the worst case of !JL and lozL (or IIHand loZH). 


5. 
No! more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


VOUT = 0.5 V has been chosen to avqid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Un" 


CIN 
Input Capacitance 
VIN= 2.0 V 
I 
Vcc 
= 5.0 V, TA = 25°C, 
5 
pF 


CouT 
Output 
Capacitance 
VOUT = 2.0 V I 
f = 1 MHz 
8 
pF 


Note: 
1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Symbol 
Parameter 
Description 
Mln 
Max 
Unit 


tpo 
Input, 
I/O, or Feedback 
to Combinatorial 
Output 
15 
ns 


ts 
Setup 
Time from 
Input, 
110, or Feedback 
to Clock 
10 
ns 


tH 
Register 
Data Hold Time 
0 
ns 


tco 
Clock 
to Output 
10 
ns 


twL 
Clock 
I LOW 
6 
ns 


twH 
Width 
I HIGH 
6 
ns 


External 
Feedback 
11/(ts + tco) 
50 
MHz 
Maximum 
fMAX 
Frequency 
Internal 
Feedback 
(fCNT) 
66 
MHz 


(Note 3) 
No Feedback 
11I(tWL + twH) 
83.3 
MHz 


tSIL 
Input Latch 
Setup 
Time 
4 
ns 


tHIL 
Input Latch 
Hold Time 
6 
ns 


tlGO 
Input Latch 
Enal;lle to Combinatorial 
Output 
15 
ns 


tWIGH 
Input Latch 
Enable 
Width 
HIGH 
15 
ns 


tlGS 
Input Latch 
Enable 
to Output 
Register 
Setup 
Time 
10 
ns 


tPOL 
Input, 
I/O, or Feedback 
to Output 
Through 
Transparent 
ns 
Input Latch 
15 


tSLR 
Setup 
Time 
from 
Input, 
110, or Feedback 
Through 
10 
ns 
Transparent 
Input Latch to Output 
Register 


tHLR 
Hold Time from 
Input, 
110 or Feedback 


Through 
Input Latch 
to Output 
Register 
0 
ns 


tpzx 
OE to Output 
Enable 
15 
ns 


tpxz 
OE to Output 
Disable 
'15 
ns 


lEA 
Input, 
110, or Feedback 
to Output 
Enable 
15 
ns 


tER 
Input, 
110, or Feedback 
to Output 
Disable 
15 
ns 


tEAL 
Input, 
110, or Feedback 
to Output 
Enable 


Through 
Transparent 
Latch 
(Note 3) 
15 
ns 


lERL 
Input, 
110, or Feedback 
to Output 
Disable 


Through 
Transparent 
Latch 
(Note 3) 
15 
ns 


Notes: 
2. 
See Switching Test Circuit, page 15, for test conditions. 


3. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 


Input, 
1I0,or 
Feedback 


Combinatorial 
Output 
-~_-VT 


Latched 
Input 


Combinatorial 
Output 


Latched 
Input with 


Combinatorial 
Output 


NotesJ 


1. 
Vr = 1.5 V 


2. 
Input pulse amplitude 0 V to 3.0 V 


3. 
Input rise and fall times 2 ns - 5 ns typical. 


Input, 
110, or 
Feedback 


Clock 


____ 
~V:co 
VT 


Registered 
Output 
_ 


Latched 
Input 


Registered 
Output 


Input 
Latch 
Enable 


Latched 
Input with 


Registered 
Output 


Input, 
I/O, or 
Feedback 


Latched 
Input, 
I/O, or 
Feedback 


Input to Output 
Disable/Enable 


Through 
Transparent 
Latch 


Vo 
Output 
Voltage 
2 


C===f=4--l--.....j1 I 


4 
2 


VI 
Input 
Voltage 


Notes: 


1. 
VT = 1.5 V 


2. 
Input pulse amplitude 0 V to 3.0 V 


3. 
Input rise and fall times 2 ns - 5 ns typical. 


Vo 
Output 
Voltage 
2 


I 
2 


VI 


Input Voltage 
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KEY TO SWITCHING WAVEFORMS 


\\\\\ 
IOu 


Must be 
Steady 


May 
Change 
from 
H to L 


May 
Change 
from 
L to H 


Will be 
Steady 


Will be 
Changing 
from 
H to L 


Will be 
Changing 
from 
L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off" State 


SWitCHING 
TEST CIRCUIT 


Don't 
Care, 


Any Change 
Permitted 


Does Not 
Apply 


I 


Commercial 
Measured 


Specification 
Sl 
CL 
Rl 
R2 
Output 
Value 


tPD, tPDL. tco 
Closed 
1.5 V 


tPz~, tEA, tEAL 
Z --> H: Open 
50 pF 
1.5 V 
Z --> L: Closed 
80n 
160n 


tpxz, tER, tERL 
H -->Z: Open 
5 pF 
H -->Z: VQH- 0.5 V 


L -->Z: Closed 
L -->Z: VOL + 0.5 V 


ENDURANCE CHARACTERISTICS 


The PALCE16V8HO 
is manufactured 
using AMO's ad- 


vanced 
Electrically 
Erasable 
process. 
This technology 


uses an EE cell to replace the fuse link used in bipolar 


Endurance Characteristics 


parts. 
As 
a result, 
the 
device 
can 
be 
erased 
and 


reprogrammed-a 
feature which allows 100% testing at 


the factory. 


Symbol 
Parameter 
Test Conditions 
Mln 
Unit 


Max Storage 
10 
Years 


Temperature 


tOR 
Min Pattern Data Retention Time 
Max Operating 
20 
Years 


Temperature (Military) 


N 
Min Reprogramming Cycles 
Normal Programming 
100 
Cycles 


Conditions 


ESD 
ProgramlVerify 
Protection 
Circuitry 


Preload 
Feedback 


Circuitry 
Input 


tPD VS. Load Capacitance 


Vcc = 5.25 V, TA = 25°C 


Notej 


1. 
T?ese parameters 
are not 100% tested, 
but are evaluated 
at initial characterization 
and at any time the design 
is modified 


where 
tPD may be affected. 


POWER-UP RESET 


The PALCE16V8HD 
has been designed 
with the capa- 


bility to reset during system power-up. 
Following 
power- 


up, all flip-flops 
will be reset to LOW. The output 
state 


will be HIGH independent 
of the logic polarity. This fea- 


ture provides 
extra flexibility 
to the designer 
and is espe- 


cially valuable 
in simplifying 
state machine 
initialization. 


A timing diagram 
and parameter 
table are shown below. 


Due to the synchronous 
operation 
of the power-up 
reset 


and the wide range of ways 
Vcc can rise to its steady 


state, 
two 
conditions 
are 
required 
to 
insure 
a valid 


power-up 
reset. These conditions 
are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOWto 
HIGH until all applicable 
input and feed- 


back setup times are met. 


Parameter 
~ymbol 
Parameter Descriptions 
Min 
Max 
Unit 


tPR 
Power-Up Reset Time 
1000 
ns 


ts 
Input or Feedback Setup Time 
See Switching Characteristics 


twL 
Clock Width LOW 


tPR ---~.,J 
II 
\Vl 


~tWL 


Registered 
Output 


~AMD 


TYPICAL THERMAL CHARACTERISTICS 


Measured 
at 25°C ambient. 
These parameters 
are not tested. 


PALCE16V8HD-15 


Parameter 
Typ. 


Symbol 
Parameter Description 
SKINNYDIP 
PLCC 
Unit 


lljc 
Thermal impedance, junction to case 
22 
17 
·CIW 


9ja 
Thermal impedance, junction to ambient 
70 
55 
·CIW 


lljma 
Thermal impedance, junction to 
200 Ifpm air 
65 
47 
·CIW 
ambient with air flow 
400 Ifpm air 
60 
42 
·CIW 


600 Ifpm air 
56 
38 
·CIW 


800 Ifpm air 
53 
36 
·CIW 


Plastic B/c Considerations 
The data listed for plastic Ojc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the Ojc measurement relative to a specific location on the 
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the 
package. Furthermore, Bjc tests on packages are performed in a constant-temperature bath, keeping the package surface at a 
constant temperature. Therefore, the measurements can only be used in a similar environment. 
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AmPAL 18P8B/AL/A/L 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
As fast as 15 ns maximum 
propagation 
delay 


• 
Universal 
combinatorial 
architecture 


• 
Programmable 
output 
polarity 


• 
Programmable 
replacement 
for high-speed 


TTL logic 


• 
Extensive 
third-party 
software 
and programmer 


support 
through 
FusionPLD 
partners 


• 
2D-pln DIP and 20-pln PLCC packages 
save 


space 


GENERAL DESCRIPTION 


The Am PAL 18P8 utilizes Advanced 
Micro Devices' 
ad- 
vanced 
oxide-isolated 
bipolar 
process 
and 
fuse-link 


technology. 
The devices 
provide 
user-programmable 


logic for replacing 
conventional 
SSI/MSI 
gates and f1ip- 


flops at a reduced 
chip count. 


The AmPAL 18P8 allows the systems engineer to imple- 
ment the design on-chip, by opening fuse links to config- 
ure AND and OR gates within the device, 
according 
to 


the desired 
logic function. 
Complex 
interconnections 
between 
gates, 
which 
previously 
required 
time- 
consuming 
layout, 
are 
lifted from 
the 
PC board 
and 


placed on silicon, where they can be easily modified dur- 
ing prototyping 
or production. 


The PAL device 
implements 
the familiar 
Boolean 
logic 


transfer 
function, 
the sum of products. 
The PAL device 
is a programmable 
AND array driving a fixed OR array. 
The AND array is programmed 
to create custom product 


terms, while the OR array sums selected 
terms at the 


outputs. 
In addition, the PAL device provides the follow- 


ing options: 


- 
Variable 
inpuVoutput 
pin ratio 


- 
Programmable 
three-state 
outputs 


Product terms with all fuses opened 
assume 
the logical 


HIGH state; product 
terms connected 
to both true and 


complement 
of any single input assume the logical LOW 


state. Unused 
input pins should be tied to Vcc or GND. 


The 
entire 
PAL 
device 
family 
is supported 
by the 


FusionPLD 
partners. 
The PAL family is programmed 
on 


conventional 
PAL device programmers 
with appropriate 


personality 
and socket adapter 
modules. 
See the Pro- 


grammer 
Reference 
Guide for approved 
programmers. 


Once the PAL device is programmed 
and verified an ad- 


ditional fuse may be opened to prevent pattern readout. 
This feature 
secures 
proprietary 
circuits. 


AmPAL18P8 
Inputs 


Publication# 05799 
Rev. G 
AmendmentiO 


Issue Date: January 
1992 
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PRODUCT SELECTOR GUIDE 


tPD 
lee 
101. 


Family 
ns (Max) 
mA(Max) 
mA(Mln) 


yery High-Speed 
15 
180 
24 
('B") Versions 


High-Speed 
25 
180 
24 
("A") Versions 


High-Speed, 
Ha~-Power 
25 
90 
24 
(I'Al") Versions 


Iila~-Power 
35 
90 
24 
(I'l") Versions 


CONNECTION 
DIAGRAMS 


Top View 


DIP 
PLCC 


1- 
20 
Vcc 
u g 
u> 


2 
19 
110 
3 
2 
1 
20 
19 
3 
18 
1/0 
• 


4 
17 
1/0 
1/0 


5 
16 
1/0 
1/0 


6 
15 
1/0 
1/0 


7 
14 
1/0 
1/0 


8 
13 
110 
VO 


9 
12 
1/0 
9 
10 11 
12 13 


GND 
10 
11 
0 
g 
g 
Z 


05799G-2 
(!J 


Note: 
05799G-3 
Pin 1is marked 
for orientation. 


PIN DESIGNATIONS 


GND 
Ground 
I 
Input 
1/0 
Input/Output 
Vcc 
Supply Voltage 


ORDERING INFORMATION 


Commercial Products 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 


FAMILY TYPE 
AmPAL = Programmable Array Logic 


Am PAL 18 
T 


NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
P = Programmable Polarity 
L OPTIONAL PROCESSING 


Blank = Standard Processing 


NUMBER OF OUTPUTS 


SPEED 
B = 15 nstpo 
A 
= 25 ns tpo 
Blank = 35 ns tpo 


OPERATING CONDITIONS 
C = Commercial (DOCto +75°C) 


POWER 
L = Low Power (90 mA Ice) 
Blank = Full Power (180 mA Ice) 


PACKAGE TYPE 
P = 20-Pin Plastic DIP 
(PD 020) 


J 
= 20-Pin Plastic Leaded 


Chip Carrier (PL 020) 


D = 20-Pin Ceramic DIP 
(CD 020) 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


~ 
lMD 


FUNCTIONAL 
DESCRIPTION 


All parts are produced 
with a fuse link at each input to the 


AND ~ate array, and connections 
may be selectively 
re- 


moved 
by applying 
appropriate 
voltages 
to the circuit. 


Utilizirg 
an 
easily-implemented 
programming 
algo- 


rithm) these products can be rapidly programmed 
to any 


custo~ized 
pattern. 
Information 
on approved 
progr~m- 
mers 
an be found in the Programmer 
Reference GUide. 
Extra test words are pre-programmed 
during manufac- 


turin~ 
to 
ensure 
extremely 
high 
field 
programming 


yields, and provide extra test paths to achieve excellent 
pararetric 
correlation. 


Variable Input/Output 
Pin Ratio 


The AmPAL 18P8 has ten dedicated 
input lines, and all 


eight combinatorial 
outputs 
are I/O pins. Buffers for de- 


vice £'nputs have 
complementary 
outputs 
to provide 


user- 
rogrammable 
input signal polarity. 
Unused input 


pins 
hould be tied to Vcc or GND. 


Pro~rammable Three-State Outputs 


Each output has a three-state 
output buffer with three- 


state control. 
A product 
term controls 
the buffer, allow- 


ing e~able and disable to be a function of any pr?duct.of 
device 
inputs 
or output 
feedback. 
The combinatorial 


outpJt provides 
a bidirectional 
I/O pin, and may be con- 


figur~d 
as a dedicated 
input if the buffer is always dis- 


abled. 


Pro~rammable Polarity 
.. 
. 


The polarity of each output can be active-high 
or actlve- 


low, ~ither to match 
output 
signal 
needs or to reduce 


prodJct 
terms. 
Programmable 
polarity 
allows 
Boolean 


expressions 
to be written 
in their most compact 
form 


(true or inverted), 
and the output can still be of the de- 


sired polarity. 
It can also save "DeMorganizing" 
efforts. 


Selection 
is through 
a programmable 
fuse which 
con- 


trols an exclusive-OR 
gate at the output of the AND/OR 


logic. The output 
is active 
high if the fuse 
is 1 (pro- 


grammed) 
and active low if the fuse is 0 (intact). 


Security Fuse 


After programming 
and verification, 
an Am PAL 18P8 de- 


sign can be secured 
by programming 
the security fu~e . 
.Once programmed, 
this fuse defeats readback 
of the In- 


ternal programmed 
pattern by a device programmer, 
se- 


curing proprietary 
designs 
from competitors. 
When the 


security 
fuse is programmed, 
the array will read as if 


every fuse is programmed. 


Quality and Testability 


The AmPAL 18P8 offers a very high level of built-in qual- 
ity. Extra programmable 
fuses provide 
a means of veri- 
fying 
performance 
of all AC 
and 
DC parameters. 
In 


addition, 
this 
verifies 
complete 
programmability 
and 


functionality 
of the device 
to provide 
the highest 
pro- 


gramming 
yields 
and 
post-programming 
functional 


yields in the industry. 


Technology 


The AmPAL 18P8 is fabricated 
with AM D's advanced 


oxide-isolated 
bipolar 
process. 
This 
process 
reduces 


parasitic capacitances 
and minimum 
geometries 
to pro- 


vide 
higher 
performance. 
The 
array 
connections 
are 


formed with proven 
PtSi fuses for reliable operation. 
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ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
With Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Res~ect to Ground 
-0.5 
V to +7.0 V 


DC I put Voltage. 
. . . . . . . . . . . . .. 
-0.5 
V to +5.5 V 


DC I put Current 
. . . . . . . . . . . . .. 
-30 
mA to +5 mA 


DC I 0 Pin Voltage 
-0.5 
V to Vcc Max 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING 
RANGES 
Commercial (C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vcc) 
with Respect to Ground 
..... 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless 
otherwise 
specified 


pa~ameter 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Unit 
Symbol 


VOH 
Output 
HIGH 
Voltage 
IOH= -3.2 mA 
VIN = VIH or VIL 
2.4 
V 


Vce = Min 


VOL 
Output 
LOW 
Vo~age 
IOL= 24 mA 
VIN = VIH or VIL 
0.5 
V 


Vce = Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Vo~age 
for all Inputs 
(Note 1) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Vo~age 
for all Inputs 
(Note 1) 


VI 
Input Clamp 
Voltage 
IIN= -18 mA, Vce = Min 
-1.2 
V 


hH 
Input 
HIGH 
Current 
VIN = 2.7 V, Vcc = Max (Note 2) 
25 
!LA 


IlL 
Input 
LOW 
Current 
VIN = 0.4 V, Vce = Max (Note 2) 
-100 
!LA 


II 
Maximum 
Input Current 
VIN = 5.5 V, Vce = Max 
1 
mA 


IoZH 
Off-State 
Output 
Leakage 
VOUT= 2.7 V, Vce= 
Max 
100 
!LA 


Current 
HIGH 
VIN = VIHor VIL (Note 2) 


loll 
Off-State 
Output 
Leakage 
VOUT= 0.4 V, Vce = Max 
-250 
!LA 


Current 
LOW 
VIN = VIHor VIL (Note 2) 


Isc 
Output 
Short-Circuit 
Current 
VOUT= 0.5 V, Vce = Max (Note 3) 
-30 
-90 
mA 


Ice 
Supply 
Current 
VIN = 0 V, Outputs 
Open 
B,A 
180 
mA 


I 


(louT = 0 mAl 


Vcc = Max 
AL 
90 
mA 


.J 
Not*rs: 
1. these are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


2. 
VOpin leakage is the worst case of hL and IOZL (or hH and IOZH). 


3. 
Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN= 2.0 V 
Vcc = 5.0 V 
6 


TA= +25°C 
pF 
CcUT 
Output Capacitance 
VOOT=2.0 V 
f= 1 MHz 
9 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
B 
A,AL 
L 
Symbol 
Parameter Description 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 


tpo 
Input or Feedback to 
Combinatorial Output 
15 
25 
35 
ns 


tEA 
Input to Output Enable 
Using Product Term Control 
15 
25 
35 
ns 


tER 
Input to Output Disable 
Using Product Term Control 
15 
25 
35 
ns 


Note: 


2. 
See Switching Test Circuit for test conditions. 
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SWITCHING WAVEFORMS 


Input or 
Feedback 


ColTlbinatorial 


I 
Output 


Notes: 


1. 
VT= 1.5 V 


2. 
Input pulse amplitude 0 V to 3.0 V 


3. 
Input rise and fall times 2 ns-5 ns typical. 


05799G~ 


Input to Output Disable/Enable 


AMD~ 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
Steady 
Steady 
\\\\\ 


May 
Will be 
Change 
Changing 


from 
H to L 
from 
H to L 


/7777 


May 
Will be 
Change 
Changing 
from 
L to H 
from 
L to H 


'KtttIX 


Don't 
Care, 
Changing, 


Any Change 
State 
Permitted 
Unknown 
}}) err 


Does Not 
Center 


Apply 
Line is High- 
Impedance 
"Off" State 


KSOOOO10-PAL 


Measured 
Specification 
5, 
CL 
R, 
R2 
Output 
Value 


tpo 
Closed 
1.5V 


tEA 
Z -+ H: Open 
50 pF 
1.5V 
Z -+ L: Closed 
2000 
3900 


tER 
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H -+Z: VOH - 0.5 V 
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FINAL 


~ 
Advanced 
Micro 
Devices 
PAL20R8 Family 


24-Pin TTL Programmable 
Array Logic 


DISTINCTIVE CHARACTERISTICS 


• 
As fast as 5 ns maximum 
propagation 
delay 


• 
Popular 
24-pln 
architectures: 
20L8, 20R8, 
20R6,20R4 


• 
Programmable 
replacement 
for high-speed 
TIL 


logic 


• 
Power-up 
reset for Initialization 


• 
Extensive 
thlrd-pany 
software 
and programmer 


suppon 
through 
FusionPLD 
panners 


• 
24-pln 
SKINNYDIP 
and 28-pln 
PLCC packages 


save space 


GENERAL 
DESCRIPTION 


The PAL20R8 
Family (PAL20L8, 
PAL20R8, 
PAL20R6, 
PAL20R4) 
includes 
the 
PAL20R8-5 
Series 
which 
is 


ideal for high-performance 
applications. 
The PAL20R8 


Family is provided 
in the standard 
24-pin DIP and 28-pin 


PLCC pinouts. 


The devices 
provide 
user programmable 
logic for re- 
placing conventional 
SSI/LSI gates and flip-flops 
at a re- 


duced chip cost. 


The family 
allows 
the systems 
engineer 
to implement 


the design 
on-chip, 
by opening 
fuse links to configure 


AND and OR gates within the device, 
according 
to the 
desired 
logic function. 
Complex 
interconnections 
be- 


tween gates, which previously 
required time-consuming 


layout, are lifted from the PC board and placed on sili- 
con, where they can be easily modified during prototyp- 
ing or production. 


The PAL 
device implements 
the familiar 
Boolean 
logic 


transfer 
function, 
the sum of products. 
The PAL device 


is a programmable 
AND array driving a fixed OR array. 
The AND array is programmed 
to create custom product 


terms, while the OR array sums selected 
terms at the 


outputs. 


In addition, 
the 
PAL 
device 
provides 
the 
following 


options: 


- 
Variable 
input/output 
pin ratio 


- 
Programmable 
three-state 
outputs 


- 
Registers 
with feedback 


Product terms with all connections 
opened 
assume the 


logical HIGH state; product terms connected 
to both true 


and complement 
of any single input assume the logical 


LOW state. Registers consist of D-type flip-flops 
that are 


loaded 
on the 
LOW-to-HIGH 
transition 
of the 
clock. 


Unused input pins should be tied to Vcc or GND. 


AMD's FusionPLD 
program 
allows PAL20R8 
Family de- 


signs to be implemented 
using a wide variety of popular 


industry-standard 
design tools. By working 
closely with 


the FusionPLD 
partners, 
AMD 
certifies 
that the tools 


provide accurate, quality support. 
Byensuringthatthird- 


party tools are available, 
costs are lowered 
because 
a 


designer 
does not have to buy a complete 
set of new 


tools 
for each 
device. 
The 
FusionPLD 
program 
also 


greatly reduces design time since a designer 
can use a 


tool that is already installed 
and familiar. 
Please refer to 


the PLD Software 
Reference 
Guide for certified 
devel- 


opment systems and the Programmer 
Reference 
Guide 


for approved 
programmers. 


Device 
Dedicated 
Inputs 
Outputs 
Product 
Terms/Output 
Feedback 
Enable 


PAL20LS 
14 
6 comb. 
7 
I/O 
prog. 


2 comb. 
7 
- 
prog. 


PAL20RS 
12 
S reg. 
S 
reg. 
pin 


PAL20R6 
12 
6 reg. 
S 
reg. 
pin 
2 comb. 
7 
I/O 
prog. 


PAL20R4 
12 
4 reg. 
S 
reg. 
pin 
4 comb. 
7 
I/O 
oroa. 


PROGRAMMABLE 
AND ARRAY 
(40 X 64) 


Os 


164908-1 


PROGRAMMABLE 


AND ARRAY 


(40X64) 


07 
Os 
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PAL20R6 


INPUTS 


PROGRAMMABLE 
AND ARRAY 
(<40 X 64) 


PROGRAMMABLE 
AND ARRAY 
(40 X 64) 


1/07 
II0a 


16490B-4 


CONNECTION 
DIAGRAMS 


Top View 
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PLCC/LCC 
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-10(-15 mil), 8-2 Series Only 
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20R6 
20R4 


1 
10 
ClK 
ClK 
ClK 


2 
h3 
OE 
OE 
OE 


3 
0, 
0, 
1101 
I/O, 


4 
1102 
02 
02 
1/02 


5 
1/03 
03 
03 
03 


6 
1104 
04 
04 
04 


7 
1/05 
05 
05 
05 


S 
I/Oa 
06 
06 
06 


9 
1/07 
07 
07 
1/07 


10 
Oa 
Oa 
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1I0a 
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10 
20 
(NOTE 4) 
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PIN DESIGNATIONS 


ClK 
Clock 
GND 
Ground 
I 
Input 
I/O 
Input/Output 
NC 
No Connect 
o 
Output 
OE 
Output Enable 
Vcc 
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.- 
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0- 
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22 
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21 
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20 
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19 
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NC 


(NOTE 9) 


(NOTE 8) 


(NOTE 7) 


(NOTE 6) 


(NOTE 5) 


(NOTE 4) 


ORDERING INFORMATION 


Commercial Products 


AMD 
programmable 
logic products 
for commercial 
applications 
are available 
with several 
ordering 
options. 
The order 
num- 
ber (Valid 
Combination) 
is formed 
by a combination 
of: 


PAL 


FAMILY TYPE 
T 


PAL = Programmable 
Array 
Logic 


NUMBER OF 
ARRAY 
INPUTS 


OUTPUT TYPE ---------1 
R = 
Registered 
L 
= Active-low 
combinatorial 


NUMBER OF OUTPUTS ---------' 


SPEED 
-5 
= 5 ns tpo 


-7 
= 
7.5 ns tpo 


-10= 
10 nstpo 


LOPTIONAL PROCESSING 


Blank 
= Standard 
Processing 


OPERATING CONDITIONS 
C = 
Commercial 
(O°C to +75°C) 


VERSION 
Blank 
= Revision 
1 
12 = Revision 
2 


PACKAGE TYPE 
P = 
24-Pin 
(300 mil) Plastic 
SKINNYDIP 
(PD3024) 


J 
= 
28-Pin 
Plastic 
Leaded 
Chip 
Carrier 


(PL 028) 


D = 
24-Pin 
(300 mil) Ceramic 
SKINNYDIP 
(CD3024) 


Valid 
Combinations 


PAL20L8-5 


PAL20R8-5 


PAL20R6-5 


PAL20R4-5 


PC,JC 
PAL20L8-10/2 


PAL20R8-1 
012 


PAL20R6-1012 


PAL20R4-1012 


PAL20L8-7 


PAL20R8-7 
PC, JC, DC 


PAL20R6-7 


PAL20R4-7 


Valid 
Combinations 


Valid 
Combinations 
lists configurations 
planned 
to be supported 
in volume 
for this device. 
Consult 


the local AMD sales office to confirm 
availability 
of 


specific 
valid combinations 
and to check 
on newly 


released 
combinations. 


ORDERING INFORMATION 


Commercial Products (MMI Marking Only) 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 


FAMILY TYPE 
PAL = Programmable Array Logic 


PAL 
T 


C NS11 
OPTIONAL PROCESSING 
Blank = Standard Processing 


PACKAGE TYPE 
NS 
24-Pin 300 mil Plastic 
SKINNYDIP (PD3024) 


FN 
28-Pin Plastic Leaded 
Chip Carrier (PL 028), 
JEDEC pinout 


NL 
28-Pin Plastic Leaded 
Chip Carrier (PL 028), 
non.JEDEC pinout 


JS 
24-Pin 300 mil Ceramic 
SKINNYDIP (CD3024) 


'-------- 
OPERATING CONDITIONS 
C 
= Commercial (O°C to +75°C) 


NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
R = Registered 
L = Active-Low Combinatorial 


NUMBER OF OUTPUTS 


SPEED 
B = Very High Speed (15 - 25 ns tPD) 
A = High speed (25 - 35 ns tPD) 


POWER 
Blank 
Full Power (210 mA Ice) 
-2 
= 
Half Power (105 mA Ice) 


Valid Combinations 


PAL20L8 
B-2 
CNS, CFN, CJS 


PAL20R8 


PAL20R6 
B,A 
CNS, CNL, CJS 


PAL20R4 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


ORDERING INFORMATION 


APL Products 


AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combina- 
tion) is formed by a combination of: 


FAMILY TYPE 
PAL = Programmable Array Logic 


PAL 
_T 


A 
LLEAD FINISH 
A = Hot Solder Dip 
NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
R = Registered 
L = Active-low combinatorial 


NUMBER OF OUTPUTS 


SPEED 
-10 = 10 ns tPD 
-12 = 12 ns tPD 
-15 = 15 nstPD 


PACKAGE TYPE 
L 
24-Pin (300-mil) Ceramic 
SKINNYDIP (CD3024) 


3 
= 28-Pin Ceramic 


Leadless Chip Carrier (CL 028) 


DEVICE CLASS 
IB = Class B 


Valid Combinations 


PAL20L8 


PAL20R8 


PAL20R6 
-10, -12, -15 
IBLA,/B3A 


PAL20R4 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


Group A Tests 


Group A Tests consist of Subgroups: 


1, 2, 3, 7, 8, 9, 10, 11. 


Military Burn-In 


Mil~ary burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Cond~ions A through E. 
Test cond~ions are selected at AMD's option. 


H~.f)(I,p._ 
__ ._ ._"._ •... 
._ ._. , ._. __ •.. 
.. 
._ .. 
•..•....__ •._ ..__ ,- _0_,,__ ,0 ••••••__ 00'0' _'_0 ••••,. _•..••_••0. ~. ~ 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: 


M JS /883BL 


FAMILY TYPE 
PAL = Programmable Array Logic 


PAL 
T 


NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
R = Registered 
L = Active-Low Combinatorial 


NUMBER OF OUTPUTS 


SPEED 
B = Very High Speed (20 ns tpo) 
A = High speed (30-50 ns tpo) 


OPTIONAL PROCESSING 
/883B = MIL-STD-883, Class B 


PACKAGE TYPE (Per 09-000) 
JS = 24-Pin 300-Mil Ceramic 


SKINNYDIP (CD3024) 


W 
24-Pin Ceramic Flatpack 
(CFL024) 


L 
28-Pin Ceramic Leadless 
Chip Carrier (CL 028) 


OPERATING CONDITIONS 
M = Military 


POWER 
Blank 
= Full Power (210 mA lee) 


PAL20L8 
I 
t"AL20H4 
I 
I ...- 


Valid Combinations 


Valid Combinations lists configurations planned 
to,bQ$.!.l.r'GOrtfU"l, 
in.\(C\I/.!.f.""n f ••..•.•. 
thi •••.",•.•••i,.. 
1",.. •••.", ,I. 


Group A Tests 


Group A Tests consist of Subgroups: 


1, 2, 3, 7, 8, 9, 10, 11. 


Military 
Burn-In 


Mil~ary burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Cond~ions A through E. 
Test cond~ions are selected at AMD's option. 


FUNCTIONAL 
DESCRIPTION 


Standard 24-Pin PAL Family 


The standard 
24-pin PAL family is comprised 
of four dif- 


ferent devices, 
including 
both registered 
and combina- 


torial devices. 
All parts are produced 
with a fuse link at 


each input to the AND gate array, and connections 
may 


be selectively 
removed 
by applying 
appropriate 
volt- 


ages to the circuit. 
Using any of a number 
of develop- 


ment 
packages, 
these 
products 
can 
be 
rapidly 


programmed 
to 
any 
customized 
pattem. 
Extra 
test 


words are pre-programmed 
during manufacturing 
to en- 


sure extremely 
high field programming 
yields, and pro- 
vide 
extra test 
paths to achieve 
excellent 
parametric 


correlation. 


Variable Input/Output 
Pin Ratio 


The 
registered 
devices 
have 
twelve 
dedicated 
input 


lines, and each combinatorial 
output is an I/O pin. The 


PAL20L8 
has fourteen 
dedicated 
input lines, and only 


six of the eight combinatorial 
outputs are I/O pins. 
Buff- 


ers for device 
inputs 
have complementary 
outputs 
to 


provide 
user-programmable 
input 
signal 
polarity. 
Unused 
input pins should be tied to Vcc or GND. 


Programmable Three-State Outputs 


Each output 
has a three-state 
output buffer with three- 


state control. 
On combinatorial 
outputs, 
a product term 


controls 
the buffer, allowing 
enable and disable to be a 


function 
of any product 
of device inputs or output feed- 
back. The combinatorial 
output provides 
a bidirectional 


I/O pin, and may be configured 
as a dedicated 
input if 


the buffer is always disabled. 
On registered 
outputs, 
an 


input pin controls the enabling of the three-state 
outputs. 


Registers with Feedback 


Registered 
outputs 
are provided 
for data storage 
and 


synchronization. 
Registers 
are composed 
of D-type f1ip- 


flops that are loaded on the LOW-to-HIGH 
transition 
of 
the clock input. 


Power-Up Reset 


All flip-flops 
power-up 
to a logic LOW for predictable 


system 
initialization. 
Outputs 
of the PAL20R8 
Family 


will be HIGH due to the active-low 
outputs. The Vcc rise 


must be monotonic 
and the reset delay time is 1000 ns 


maximum. 


Register Preload 


The register on the PAL20R8 
Family can be preloaded 


from the output 
pins to facilitate 
functional 
testing 
of 


complex 
state machine 
designs. 
This feature 
allows di- 


rect loading of arbitrary states, making it unnecessary 
to 


cycle through long test vector sequences 
to reach a de- 


sired state. In addition, transitions 
from illegal states can 


be verified by loading illegal states and observing 
proper 


recovery. 


security Fuse 


After programming 
and verification, 
a PAL20R8 
Family 


design 
can be secured 
by programming 
the security 


fuse. Once programmed, 
this fuse defeats 
read back of 


the internal programmed 
pattern 
by a device 
program- 


mer, 
securing 
proprietary 
designs 
from 
competitors. 


When the security 
fuse is programmed, 
the array will 


read as if every fuse is intact. 


Quality and Testability 


The PAL20R8 
Family offers a very high level of built-in 


quality. 
Extra programmable 
fuses provide 
a means of 


verifying 
performance 
of all AC and DC parameters. 
In 


addition, 
this 
verifies 
complete 
programmability 
and 


functionality 
of the device 
to provide 
the highest 
pro- 


gramming 
yields 
and 
post-programming 
functional 


yields in the industry. 


Technology 


The PAL20R8-5, 
-7 and 10/2 are fabricated 
with AM D's 


oxide 
isolated 
process. 
The 
array 
connections 
are 


formed with highly reliable 
PtSi fuses. The PAL20R8B, 


B-2, and A series are fabricated 
with AMD's trench-iso- 


lated bipolar process. The array connections 
are formed 


with proven TiW fuses. These processes 
reduce para- 


sitic capacitances 
and minimum 
geometries 
to provide 


higher performance. 


~AMD 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with 
Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage 
-1.2 
V to Vcc + 0.5 V 


DC Output or I/O 
Pin Voltage 
-0.5 
V to Vcc + 0.5 V 


Statib Discharge 
Voltage 
2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
. . . . . . . . . . . . . .. 
O°C to 75°C 


Supply Voltage 
(Vee) 
with Respect to Ground 
4.75 V to 5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL operating ranges unless otherwise 
specified 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Min 
Max 
Unit 


VOH 
Output HIGH Voltage 
IOH=-3.2 mA 
VIN= VIH or VIL 
2.4 
V 


Vce = Min 


VOL 
Output LOW Voltage 
IOL= 24 mA 
VIN = VIHor VIL 
0.5 
V 


Vce = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Voltage for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Voltage for all Inputs (Note 1) 


VI 
Input Clamp Voltage 
IIN= -18 mA, Vec = Min 
-1.2 
V 


IIH 
Input HIGH Current 
VIN= 2.7 V, Vee = Max (Note 2) 
25 
JJA 


ilL 
Input LOW Current 
VIN = 0.4 V. Vee = Max (Note 2) 
-250 
JJA 


II 
Maximum Input Current 
VIN= 5.5 V. Vec = Max 
1 
mA 


IOZH 
Off-State Output Leakage 
Vour = 2.7 V, Vec = Max 
100 
JJA 


Current HIGH 
VIN= VIHor VIL (Note 2) 


lOlL 
Off-State Output Leakage 
Your = 0.4 V. Vee = Max 
-100 
JJA 


Current LOW 
VIN= VIHor VIL (Note 2) 


Isc 
Output Short-Circutt Current 
Vour = 0.5 V, Vee = Max (Note 3) 
-30 
-130 
mA 


Ice 
Supply Current 
VIN= 0 V. Outputs Open (lour = 0 mAl 
210 
mA 


Vec = Max 


NoteJ: 
1. 
These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


2. 
VOpin leakage is the worst case of ilL and IOZL (or ilH and IOZH). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
I CLK,OE 
VIN= 2.0 V 
Vcc = 5.0 V 
8 


I 
11 - 
112 
TA _ +25°C 
5 
pF 


GoUT 
Output Capacitance 
VOUT- 2.0 V 
1=1 MHz 
8 


Note: 
1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Min 
Symbol 
Parameter Description 
(Note 3) 
Max 
Unit 


tpo 
Input or Feedback to Combinatorial Output 
20L8,20R6, 
1 
5 
ns 


20R4 


ts 
Setup Time Irom input or Feedback to Clock 
4.5 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
1 
4 
ns 


tSKEWA 
Skew Between Registered Outputs (Note 4) 
1 
ns 


twL 
Clock Width 
LOW 
20R8,20R6, 
4 
ns 


twH 
HiGH 
20R4 
4 
ns 


Maximum 
External Feedback I 
1/(ts + tco) 
117 
MHz 


lMAX 
Frequency 
Internal Feedback (ICNT) 
125 
MHz 
(Note 5) 


I 
No Feedback 
l/(tWH + tWL) 
125 
MHz 


tpzx 
OE to Output Enable 
1 
6.5 
ns 


tpxz 
OE to Output Disable 
1 
5 
ns 


tEA 
Input to Output Enable Using Product Term Control 
20L8,20R6, 
2 
6.5 
ns 


tEA 
Input to Output Disable Using Product Term Control 
20R4 
2 
5 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
Output delay minimums for tpo, tco, tpzx, tEAand tERare defined under best case conditions. Future process improvements 
may alter these values; therefore, minimum values are recommended for simulation purposes only. 


4. 
Skew testing takes into account pattern and switching direction differences between outputs that have equalloading. 


5. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with 
Power Applied 
-55°C 
to + 125°C 


Supply Voltage with 
Respect to Ground 
--0.5 V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-1.2 
V to Vee + 0.5 V 


DC Output or I/O 
Pin Voltage 
-0.5 
V to Vee + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING 
RANGES 


Commercial 
(C) Devices 
Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vee) 


With Respect to Ground 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless 
otherwise 
specified 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Un" 


VQH 
Output 
HIGH 
Vo~age 
IOH =-3.2 
mA 
VIN = VIH or VIL 
2.4 
V 


Vee = Min 


VOL 
Output 
LOW 
Voltage 
IOL = 24 mA 
VIN = VIH or VIL 
0.5 
V 


Vee = Min 


\/IH 
Input 
HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voltage 
for all Inputs 
(Note 
1) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 
1) 


VI 
Input Clamp 
Voltage 
IIN = -18 
mA, Vee = Min 
-1.2 
V 


IIH 
Input HIGH 
Current 
VIN = 2.7 V, Vee 
= Max (Note 2) 
25 
!LA 


ilL 
Input 
LOW 
Current 
VIN = 0.4 V, Vee 
= Max (Note 2) 
-250 
!LA 


II 
Maximum 
Input Current 
VIN = 5.5 V, Vee 
= Max 
1 
mA 


IOZH 
Off-State 
Output 
Leakage 
VOUT = 2.7 V, Vee 
= Max 
100 
!LA 


Current 
HIGH 
VIN = VIH or VIL (Note 2) 


19ZL 
Off-State 
Output 
Leakage 
VOUT = 0.4 V, Vee 
= Max 
-100 
!LA 


I 
Current 
LOW 
VIN = VIH or VIL (Note 2) 


Ise 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vee 
= Max (Note 3) 
-30 
-130 
mA 


Ice 
Supply 
Current 
VIN = 0 V, Outputs 
Open 
(lOUT = 0 mAl 
210 
mA 


Vee = Max 


NoteJ: 


1. These are absolute values with respect to device ground and all overshoots due to system 
and/or tester noise are included. 


2. 
VOpin leakage is the worst case of IlL and lozL (or hHand IOZH). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN = 2.0 V 
Vcc = 5.0 V 
7 


CoUT 
Output 
Capacitance 
VOUT = 2.0 V 
TA = +25°C 
8 
pF 


f= 
1 MHz 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Min 


Symbol 
Parameter Description 
(Note 3) 
Max 
Unit 


tpo 
Input or Feedback 
to 
I 
20L8,20R6, 
3 
7.5 
ns 
Combinatorial 
Output 
I 1 Output 
Switching 
20R4 
3 
7 


ts 
Setup 
Time from 
Input or Feedback 
to Clock 
7 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock 
to Output 
1 
6.5 
ns 


tSKEW 
Skew 
Between 
Registered 
Outputs 
(Note 4) 
20R8,20R6, 
1 
ns 


twL 
Clock 
Width 
LOW 
20R4 
5 
ns 


twH 
HIGH 
5 
ns 


Maximum 
External 
Feedback 
I 
1/(ts 
+ tco) 
74 
MHz 


fMAX 
Frequency 
Internal 
Feedback 
(leNT) 
100 
MHz 
(Note 
5) 
I 
1f(tWH + tWL) 
No Feedback 
100 
MHz 


tpzx 
OE to Output 
Enable 
1 
8 
ns 


tpxz 
OE to Output 
Disable 
1 
8 
ns 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
20L8,20R6, 
3 
10 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
20R4 
3 
10 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
Output delay minimums for tpo, tco, tpzx, tpxz, tEAand tERare defined under best case conditions. Future process improve- 
ments may alter these values; therefore, minimum values are recommended for simulation purposes only. 


4. 
Skew is measured with all outputs switching in the same direction. 


5. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where the frequency may be affected. 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with 
pow~r Applied 
-55°C 
to + 125°C 


Supply Voltage 
with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-0.5 
V to Vcc + 0.5 V 


DC Output or I/O Pin Voltage 
-0.5 
V to Vcc 
Max 


DC Input Current 
-30 
mA to 5 mA 


Statif 
Discharge 
Voltage 
2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum IRatings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING 
RANGES 


Commercial 
(C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vcc) 
with Respect to Ground 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless otherwise 
speCified 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unit 


yoo 
Output 
HIGH 
Voltage 
IOH = -3.2 mA 
VIN = VIH or VIL 
2.4 
V 


Vcc = Min 


VOL 
Output 
LOW Vohage 
IOL = 24 mA 
VIN = VIH or VIL 
0.5 
V 


Vcc = Min 


VIH 
Input 
HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voltage 
for all Inputs 
(Note 1) 


VIL 
Input 
LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 
Voltage 
for all Inputs 
(Note 1) 


VI 
Input Clamp 
Voltage 
IIN = -18 mA, Vcc = Min 
-1.5 
V 


IIH 
Input HIGH 
Current 
VIN = 2.4 V, Vcc 
= Max (Note 2) 
25 
~ 


ilL 
Input 
LOW 
Current 
VIN = 0.4 V, Vcc = Max (Note 2) 
-250 
~ 


II 
Maximum 
Input Current 
VIN = 5.5 V, Vcc 
= Max 
100 
~ 


l,?zH 
Off-State 
Output 
Leakage 
VOUT = 2.4 V, Vcc 
= Max 
100 
~ 
Current 
HIGH 
VIN = VIH or VIL (Note 2) 


lozL 
Off-State 
Output 
Leakage 
VOUT = 0.4 V, Vcc 
= Max 
-100 
~ 
Current 
LOW 
VIN = VIH or VIL (Note 2) 


Isc 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vcc = Max (Note 3) 
-30 
-130 
mA 


Icc 
Supply 
Current 
VIN = 0 V, Outputs 
Open 
(lOUT = 0 mAl 
210 
mA 


Vcc = Max 


Notes: 
1. Thkse are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


2. //0pin leakage is the worst case of IlL and IOZL (or liH and IOZH). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN= 2.0 V 
I Vcc = 5.0 V 
7 
I T. = 25°C 
8 
pF 
CoUT 
Output Capacitance 
VOUT= 2.0 V 
f= 1 MHz 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Min 
Symbol 
Parameter Description 
(Note 3) 
Max 
Unit 


tpo 
Input or Feedback to Combinatorial Output 
20L8,20R6, 


20R4 
3 
10 
ns 


ts 
Setup nme from Input or Feedback to Clock 
10 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
3 
8 
ns 


twL 
Clock Width 
LOW 
20R8,20R6, 
7 
ns 


twH 
HIGH 
20R4 
7 
ns 


Maximum 
External Feedback 
11I(ts + tCO) 
55.5 
MHz 


fMAX 
Frequency 
Internal Feedback (fCNT) 
58.8 
MHz 
(Note 4) 


11/(twH+ tWL) 
No Feedback 
71.4 
MHz 


tpzx 
DE to Output Enable 
2 
10 
ns 


tpxz 
DE to Output Disable 
2 
10 
ns 


" 
tEA 
Input to Output Enable Using Product Term Control 
20L8,20R6, 
3 
10 
ns 


tER 
Input to Output Disable Using Product Term Control 
20R4 
3 
10 
ns 


Notes: 
2. 
See Switching Test Circuit for test conditions. 


3. 
Output delay minimums for tpo, teo, tpzx, tpxz, tEAand tERare defined under best case conditions. Future process improve, 
ments may alter these values; therefore, minimum values are recommended for simulation purposes only. 


4. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 


OPERATING 
RANGES 


Commercial 
(C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
DoC to +75°C 


Supply Voltage 
(Vee) 
with Respect to Ground 
..... 
+4.75 V to +5.25 V 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with 
Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-1.5 
V to Vee + 0.5 V 


DC Output or I/O 
Pin Voltage 
-0.5 
V to Vee + 0.5 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless otherwise 
specified 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Min 
Max 
Unit 


VOH 
Output HIGH Voltage 
IOH= -3.2 mA 
VIN= VIH or VIL 
2.4 
V 


Vee = Min 


VOL 
Output LOW Voltage 
IOL= 24 mA 
VIN = VIHor VIL 
0.5 
V 


Vee = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


1 
Voltage for all Inputs (Note 1) 


"IL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Voltage for all Inputs (Note 1) 


VI 
Input Clamp Voltage 
liN= -18 mA. Vee = Min 
-1.5 
V 


liH 
Input HIGH Current 
VIN= 2.7 V. Vee = Max (Note 2) 
25 
J,lA 


liL 
Input LOW Current 
VIN= 0.4 V. Vee = Max (Note 2) 
-250 
J,lA 


Ii 
Maximum Input Current 
VIN= 5.5 V. Vee = Max 
100 
J,lA 


IOZH 
Off-State Output Leakage 
VOUT= 2.7 V, Vee = Max 
100 
J,lA 


Current HIGH 
VIN= VIHor VIL (Note 2) 


lOlL 
Off-State Output Leakage 
VOUT= 0.4 V, Vee = Max 
-100 
J,lA 


Current LOW 
VIN= VIHor VIL (Note 2) 


Ise 
Output Short-Circuit Current 
VOUT= 0.5 V, Vee = Max (Note 3) 
-30 
-130 
mA 


Ice 
Supply Current 
VIN= 0 V. Outputs Open (lOUT= 0 mAl 
210 
mA 


Vee = Max 


Notes: 


1. 
These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


2. 
110 pin leakage is the worst case of IlL and IOZL (or hHand IOZH). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Min 
Max 
Un" 


tPD 
Input or Feedback to Combinatorial Output 
20L8,20R6, 
15 
ns 


20R4 


ts 
Setup TIme from Input or Feedback to Clock 
15 
ns 


tH 
Hold Time 
0 
ns 


tca 
Clock to Output or Feedback 
20R8,20R6, 
12 
ns 


twL 
Clock Width 
LOW 
20R4 
10 
ns 


twH 
HIGH 
12 
ns 


Maximum 
External Feedback 
I/(ts 
+ teo) 
37 
MHz 


fMAX 
Frequency 
(Note 2) 
No Feedback 
1/(twH + tWL) 
45 
MHz 


tpzx 
OE to Output Enable 
15 
ns 


tpxz 
OE to Output Disable 
12 
ns 


tEA 
Input to Output Enable Using Product Term Control 
20L8,20R6, 
18 
ns 


tER 
Input to Output Disable Using Product Term Control 
20R4 
15 
ns 


Notes: 
1. See Switching Test Circuit for test conditions. 


2. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with 
Power Applied 
-55°C 
to + 125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-1.5 
V to Vcc + 0.5 V 


DC Output or 1/0 
Pin Voltage 
-0.5 
V to Vee + 0.5 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING 
RANGES 


Commercial (C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
DoC to +75°C 


Supply Voltage 
(Vce) 
with Respect to Ground 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless otherwise 
specified 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Unit 


VOH 
Output 
HIGH 
Vo~age 
10H =-3.2 
mA 
VIN = VIH or VIL 
2.4 
V 


Vcc 
- Min 


VOL 
Output 
LOW 
Voltage 
IOL = 24 mA 
VIN = VIH or VIL 
0.5 
V 


Vee = Min 


VIH 
Input 
HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 
Vo~age 
for all Inputs 
(Note 
1) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 
1) 


VI 
Input Clamp 
Voltage 
IIN = -18 
mA, Vee = Min 
-1.5 
V 


IIH 
Input 
HIGH 
Current 
VIN = 2.7 V, Vee 
= Max (Note 2) 
25 
IJ.A 


ilL 
Input 
LOW 
Current 
VIN = 0.4 V, Vee 
= Max (Note 2) 
-250 
IJ.A 


II 
Maximum 
Input Current 
VIN = 5.5 V, Vee 
= Max 
100 
IJ.A 


IbzH 
Off-State 
Output 
Leakage 
VOUT = 2.7 V, Vce 
= Max 
100 
IJ.A 


Current 
HIGH 
VIN = VIH or VIL (Note 2) 


IOZL 
Off-State 
Output 
Leakage 
VOUT = 0.4 V, Vce 
= Max 
-100 
IJ.A 


Current 
LOW 
VIN = VIH or VIL (Note 2) 


Ike 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vcc 
= Max (Note 3) 
-30 
-130 
mA 


Ice 
Supply 
Current 
VIN = 0 V, Outputs 
Open 
(lOUT = 0 mAl 
105 
mA 


Vce 
= Max 


Notes: 
1. 
These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


2. 
110 pin leakage is the worst case of liL and IOZL (or liH and IOZH). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Mln 
Max 
Unit 


tpo 
Input or Feedback to Combinatorial Output 
20L8,20R6, 
25 
ns 


20R4 


ts 
Setup Time lrom Input or Feedback to Clock 
25 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
20R8,20R6, 
15 
ns 


twL 
Clock Width 
LOW 
20R4 
15 
ns 


twH 
HIGH 
15 
ns 


Maximum 
External Feedback 
I 1/(ts + tco) 
25 
MHz 


lMAX 
Frequency 
Internal Feedback (ICNT) 
28.5 
MHz 
(Note 3) 
No Feedback 
I lI(twH + tWL) 
33.3 
MHz 


tpzx 
OE to Output Enable 
20 
ns 


tpxz 
OE to Output Disable 
20 
ns 


tEA 
Input to Output Enable Using Product Term Control 
20L8,20R6, 
25 
ns 


tER 
Input to Output Disable Using Product Term Control 
20R4 
25 
ns 


Notes: 
1. See Switching Test Circuit for test conditions. 


2. 
Calculated from measured fMAXinternal. 


3. 
These parameters are not 100% tested. but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
-65°C to +150°C 


Ambient 
Temperature 
with 
Power Applied 
..............•.. 
-55°C to +125°C 


Supply Voltage with 
Respectto 
Ground 
....•........ 
-0.5 V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-1.5 V to Vee + 0.5 V 


DC Output or 1/0 
Pin Voltage 
-0.5 V to Vee + 0.5 V 


Stresses 
above 
those 
listed 
under 
Absolute 
Maximum 
Rat- 
ings may cause 
permanent 
device 
failure. 
Functionality 
at or 
above 
these limits 
is not implied. 
Exposure 
to Absolute 
Maxi- 
mum Ratings 
for extended 
periods 
may affect device 
reliabil- 
ity. Programming 
conditions 
may differ. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vee) 
with Respect to Ground 
+4.75 V to +5.25 V 


Operating 
ranges 
define 
those limits between 
which 
the func- 


tionality 
of the device 
is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL operating ranges unless otherwise 
specified 


Parfmeter 
Parameter Description 
Test Conditions 
Min 
Max 
Unit 
Symbol 


yOH 
Output HIGH Voltage 
IOH= -3.2 mA 
VIN= VIHor VIL 
2.4 
V 


Vee = Min 


yOL 
Output LOW Voltage 
IOL= 24 mA 
VIN = VIHor VIL 
0.5 
V 


Vee = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Voltage for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Voltage for all Inputs (Note 1) 


VI 
Input Clamp Voltage 
i1N= -18 mA. Vee = Min 
-1.5 
V 


i1H 
Input HIGH Current 
VIN = 2.7 V. Vee = Max (Note 2) 
25 
!!A 


ilL 
Input LOW Current 
VIN = 0.4 V. Vee = Max (Note 2) 
-250 
!!A 


iI 
Maximum Input Current 
VIN = 5.5 V. Vee = Max 
100 
!!A 


IOlH 
Off-State Output Leakage 
VOUT= 2.7 V. Vee = Max 
100 
!!A 
Current HIGH 
VIN= VIHor VIL (Note 2) 


lOlL 
Off-State Output Leakage 
VOUT= 0.4 V. Vee = Max 
-100 
!!A 
Current LOW 
VIN= VIHor VIL (Note 2) 


Ise 
Output Short-Circuit Current 
VOUT= 0.5 V. Vee = Max (Note 3) 
-30 
-130 
mA 


Ice 
Supply Current 
VIN= 0 V, Outputs Open (lOUT= 0 mAl 
210 
mA 


Vec = Max 


Notes: 


1. 
T1ese are absolute 
values 
with respect 
to device 
ground 
and all overshoots 
due to system 
and/or 
tester noise 
are included. 


2. 
I/(J) pin leakage 
is the worst case of IiL and 
IOZL (or IIH and 
IOZH). 


3. 
Not more than one output 
should 
be tested at a time. Duration 
of the short-circuit 
should 
not exceed 
one second. 
VOUT = 0.5 V 
has been 
chosen 
to avoid 
test problems 
caused 
by tester ground 
degradation. 


Parameter 
Symbol 
Parameter Oeser iptlon 
Min 
Max 
Unit 


tPD 
Input or Feedback to Combinatorial Output 
20L8,20R6, 
25 
ns 


20R4 


ts 
Setup nme from Input or Feedback to Clock 
25 
ns 


tH 
Hold Time 
0 
ns 


tca 
Clock to Output 
20R8.20R6, 
15 
ns 


twL 
Clock Width 
LOW 
20R4 
15 
ns 


twH 
HIGH 
15 
ns 


Maximum 
External Feedback I 
1/(t5 + tca) 
25 
MHz 


fMAx 
Frequency 
Internal Feedback (fCNT) 
28.5 
MHz 
(Note 3) 


I 
No Feedback 
1/(twH+ twL) 
33 
MHz 


tpzx 
OE to Output Enable 
20 
ns 


tpxz 
OE to Output Disable 
20 
ns 


tEA 
Input to Output Enable Using Product Term Control 
20L8,20R6, 
25 
ns 


tEA 
Input to Output Disable Using Product Term Control 
20R4 
25 
ns 


Notes: 
1. See Switching 
Test Circuit 
for test conditions. 


2. 
Calculated 
from measured 
fMAX internal. 


3. 
These parameters 
are not 
100% tested, 
but are calculated 
at initial 
characterization 
and at any time the design 
is modified 
where 
frequency 
may be affected. 
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AmbIent Temperature 
With Power Applied 
-55°C 
to +125°C 


Supply Voltage 
with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage 
-1.2 
V to Vcc + 0.5 V 


DC Output or I/O 
Pin Voltage 
-0.5 
V to Vcc + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


Operating 
Case (Tc) 
Temperature 
-55°C 
to +125°C 


Supply Voltage 
(Vcc) 
with Respect to Ground 
+4.50 V to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Note: 


1. Military products are 100% tested at Tc ~ +25" C , + 125" C, 


and -55"C. 


DC CHARACTERISTICS 
over MILITARY operating 
ranges unless otherwise 
specified 
(Note 
2) 


Pa~ameter 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unit 
Symbol 


VQH 
Output 
HIGH 
Vohage 
IOH =-2 
mA 
VIN = VIH or VIL 
2.4 
V 


Vec = Min 


VOL 
Output 
LOW 
Voltage 
IOL=12mA 
VIN = VIH or VIL 
0.5 
V 


Vcc 
= Min 


VIH 
Input 
HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Vohage 
for all Inputs 
(Note 3) 


VIL 
Input 
LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 
Voltage 
for all Inputs 
(Note 3) 


VI 
Input Clamp 
Voltage 
i1N= -18 
mA, Vee = Min 
-1.2 
V 


IIH 
Input 
HIGH 
Current 
VIN = 2.4 V, Vee 
= Max (Note 4) 
25 
!J.A 


ilL 
Input 
LOW 
Current 
VIN = 0.4 V, Vee 
= Max (Note 4) 
-250 
!J.A 


II 
Maximum 
Input Current 
VIN = 5.5 V, Vee 
= Max 
1 
mA 


IOlH 
Off-State 
Output 
Leakage 
VOUT = 2.4 V, Vce 
= Max 
100 
!J.A 


Current 
HIGH 
VIN = VIH or VIL (Note 4) 


lOlL 
Off-State 
Output 
Leakage 
VOUT = 0.4 V, Vcc 
= Max 
-100 
!J.A 


Current 
LOW 
VIN = VIH or VIL (Note 4) 


Isc 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vee 
= Max (Note 5) 
-30 
-130 
mA 


Ice 
Supply 
Current 
VIN = 0 V, Outputs 
Open 
(lOUT = 0 mAl 
210 
mA 


Vee= 
Max 


Notes: 


2. 
For APL Products, Group A. Subgroups 1,2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
VIi and VIHare input conditions of output tests and are not themselves directly tested. VILand V,Hare absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. 
I/O pin leakage is the worst case of IiLand IOZL(or IiHand IOZH). 


5. 
Not more than one output should be tested at a time. Duration of the short·circuit should not exceed one second. VOUT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter 
Descriptions 
Test 
Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN = 2.0 V 
Vcc 
= 5.0 V 
9 


GoUT 
Output 
Capacitance 
VauT = 2.0 V 
TA = +25°C 
10 
pF 
1= 1 MHz 


Note: 
1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


-10 
-12 


Parameter 
Min 
Min 
Symbol 
Parameter 
Description 
(Note 3) 
Max 
(Note 
3) 
Max 
Unit 


tPD 
Input or Feedback 
to Combinatorial 
Output 
20L8, 
3 
10 
3 
12 
ns 


20R6, 
20R4 


ts 
Setup 
TIme Irom 
Input or Feedback 
to Clock 
to 
12 
ns 


tH 
Hold Time 
0 
0 
ns 


tca 
Clock 
to Output 
3 
10 
3 
12 
ns 


tSKEW 
Skew 
Between 
Registered 
Outputs 
(Note 4) 
1 
t 
ns 


twl 
Clock 
Width 
LOW 
20R8, 
8 
10 
ns 


twH 
HIGH 
20R6, 
8 
10 
ns 
20R4 


lMAX 
Maximum 
External 
Feedbackll 
I(ts + tca) 
50 
41.7 
MHz 


Frequency 
Internal 
Feedback 
(ICNT) 
62.5 
50 
MHz 
(Note 5) 


No Feedback 
11/(twH + tWl) 
62.5 
50 
MHz 


tpzx 
OE to Output 
Enable 
(Note 5) 
3 
12 
3 
15 
ns 


tpxz 
OE to Output 
Disable 
(Note 5) 
3 
12 
3 
15 
ns 


tEA 
Input to Output 
Enable 
Using 
Product 
3 
12 
3 
15 
ns 
Term 
Control 
(Note 5) 
20L8, 


tER 
Input to Output 
Disable 
Using 
Product 


20R6, 


3 
12 
3 
15 
20R4 
ns 
Term 
Control 
(Note 5) 


Notes: 


2. 
See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
Output delay minimums for tPD,tco, tpzx, tEAand tERare defined under best case conditions. Future process improvements 
may alter these values; therefore, minimum values are recommended for simulation purposes only. 


4. 
Skew is measured with all outputs switching in the same direction. 


5. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 


~AMD 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to + 125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . . . . . .. 
-0.5 
V to +5.5 V 


DC Output or 1/0 
Pin Voltage 
-0.5 
V to Vcc Max 


DC Input Current 
. . . . . . . . . . . . .. 
-30 mA to +5 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


OPERATING RANGES 


Military 
(M) Devices 
(Note 
1) 


Ambient 
Temperature 
(TA) 


Operating 
in Free Air 
-55°C 
Min 


Operating 
Case (Tc) 
Temperature 
+125°C 
Max 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.50 V to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Note: 


1. Military products are tested at Tc = +2gC, +12gC, 


and -5gC per MIL-STD-883. 


DC CHARACTERISTICS 
over MILITARY operating 
ranges unless otherwise 
specified 
(Note 2) 
• 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Un" 


VQH 
Output 
HIGH 
Voltage 
IOH =-2 
mA 
VIN = VIH or VIL 
2.4 
V 


Vcc 
= Min 


VOL 
Output 
LOW 
Vokage 
IOL=12mA 
VIN = VIH or VIL 
0.5 
V 


Vcc 
= Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 
Voltage 
for all Inputs 
(Note 3) 


VIL 
Input 
LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 
Voltage 
for all Inputs 
(Note 3) 


VI 
Input Clamp 
Voltage 
IIN=-18mA, 
Vcc=Min 
-1.5 
V 


IIH 
Input HIGH 
Current 
VIN = 2.4 V, Vcc 
= Max (Note 4) 
25 
J.1A 


ilL 
Input LOW 
Current 
VIN = 0.4 V. Vcc 
= Max (Note 4) 
-250 
J.1A 


II 
Maximum 
Input Current 
VIN = 5.5 V. Vcc 
= Max 
100 
J.1A 


IOZH 
Off-State 
Output 
Leakage 
VOUT = 2.7 V, Vcc 
= Max 
100 
J.1A 


Current 
HIGH 
VIN = VIH or VIL (Note 4) 


IOZL 
Off-State 
Output 
Leakage 
VOUT = 0.4 V, Vcc 
= Max 
-100 
J.1A 


Current 
LOW 
VIN = VIH or VIL (Note 4) 


Isc 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vcc 
= Max (Note 5) 
-30 
-130 
mA 


Icc 
Supply 
Current 
VIN = 0 V. Outputs 
Open 
(lOUT = 0 mAl 
210 
mA 


Vcc= 
Max 


Notes: 


2. 
For APL Products, Group A, Subgroups 1,2, and 3 are tested per MIL·STD-883, Method 5005, unless otherwise noted. 


3. 
VILand VIHare input conditions of output tests and are not themselves directly tested. VILand VIHare absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. 
VOpin leakage is the worst case of !JL and IOZL(or hHand IOZH). 


5. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT= 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN= 2.0 V 
Vcc = 5.0 V 
CLK,OE 
12 


TA = 25°C 
Other Inputs 
7 
pF 


GoUT 
Output Capacitance 
VOUT= 2.0 V 
1= 1 MHz 
Outputs 
8 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Mln 


Symbol 
Parameter Description 
(Note 3) 
Max 
Unit 


tpo 
Input or Feedback to 
20L8,20R6, 
3 
15 
ns 
Combinatorial Output 
20R4 


ts 
Setup Time Irom Input or Feedback to Clock 
15 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
3 
13 
ns 


twL 
Clock Width 
LOW 
10 
ns 


twH 
HIGH 
20L8,20R6, 
10 
ns 


I 
1/(ts 
+tco) 
20R4 
External Feedback 
35.7 
MHz 
Maximum 
fMAX 
Frequency 
Internal Feedback (ICNT) 
37 
MHz 
(NoteS) 


No Feedback 
I 1/(twH + tWL) 
50 
MHz 


tpzx 
OE to Output Enable (Note 6) 
3 
15 
ns 


tpxz 
OE to Output Disable (Note 6) 
3 
15 
ns 


tEA 
Input to Output Enable Using Product 
Term Control (Note 6) 
20L8,20R6, 
3 
15 
ns 


tEA 
Input to Output Disable Using Product 
20R4 


Term Control (Note 6) 
3 
15 
ns 


Notes: 
2. 
See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STO-883, Method 5005, unless otherwise noted. 


3. 
Output delay minimums for tPD,teo, tpzx, tpxz, tEA,and tERare defined under best case conditions. Future process improve- 
ments may alter these values; therefore, minimum values are recommended for simulation purposes only. 


4. 
Calculated from measured fMAXinternal. 


5. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


6. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


SupPly Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . . . . . .. 
-1.5 
V to +5.5 V 
~~e~~~~~o~ 
I:~ 
5.5 V 


Stresses 
above those listed under Absolute Maximum Rat- 


ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


OPERATING 
RANGES 


Military 
(M) Devices (Note 1) 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
-55°C 
Min 


Operating 
Case (Tc) 
Temperature 
+125°C 
Max 


Supply Voltage 
(Vce) with 
Respect to Ground 
+4.50 V to +5.50 V 


Note: 


1. Military products are tested at Tc = +25" C, + 125" C, 


and -55"C per MIL-STD-883. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over MILITARY operating 
ranges unless otherwise 
specified 
(Note 
2) 


P"rameter 
Unit 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 


VQH 
Output 
HIGH 
Voltage 
IOH = -2 
mA 
VIN = VIH or VIL 
2.4 
V 


Vcc 
= Min 


VOL 
Output 
LOW 
Voltage 
IOL = 12 mA 
VIN = VIH or VIL 
0.5 
V 


Vcc 
= Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voltage 
for all Inputs 
(Note 3) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 3) 


VI 
Input Clamp 
Voltage 
IIN=-18mA, 
Vcc=Min 
-1.5 
V 


IIH 
Input HIGH 
Current 
VIN = 2.4 V, Vec 
= Max (Note 4) 
25 
!J.A 


ilL 
Input LOW 
Current 
VIN = 0.4 V, Vee 
= Max (Note 4) 
-250 
!J.A 


II 
Maximum 
Input Current 
VIN = 5.5 V, Vcc 
= Max 
1 
mA 


IOlH 
Off-State 
Output 
Leakage 
VOUT = 2.4 V, Vcc 
= Max 
100 
!J.A 


Current 
HIGH 
VIN = VIH or VIL (Note 4) 


lOlL 
Off-State 
Output 
Leakage 
VOUT = 0.4 V, Vcc 
= Max 
-100 
!J.A 


Current 
LOW 
VIN = VIH or VIL (Note 4) 


Isc 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vcc 
= Max (Note 5) 
-30 
-130 
mA 


Ice 
Supply 
Current 
VIN = 0 V, Outputs 
Open 
(lOUT = 0 mAl 
210 
mA 


Vce = Max 


Notes: 


2. 
For APL Products, Group A, Subgroups 1,2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
VII.and V,Hare input conditions of output tests and are not themselves directly tested. V,I.and V,Hare absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. 
110 pin leakage is the worst case of ilL and lOlL (or hHand IOZH). 


5. 
Not more than one output should be tested at a time. Duration of the shorl-circuit should not exceed one second. VOUT=0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Mln 
Max 
Unit 


tpo 
Input or Feedback to Combinatorial Output 
20L8.20R6. 
20 
ns 


20R4 


ts 
Setup Time from Input or Feedback to Clock 
20 
ns 


tH 
Hold Time 
0 
ns 


tca 
Clock to Output or Feedback 
15 
ns 


twL 
LOW 
12 
ns 
Clock Width 
20R8,20R6. 
twH 
HIGH 
12 
ns 
20R4 


fMAX 
Maximum 
External Feedback 
1/(ts + teo) 
28.5 
MHz 
Frequency 


(Note 2) 
No Feedback 
1/(twH + twL) 
41.6 
MHz 


tpzx 
OE to Output Enable (Note 3) 
20 
ns 


tpxz 
OE to Output Disable (Note 3) 
20 
ns 


tEA 
Input to Output Enable Using Product 
Term Control (Note 3) 
20L8.20R6. 
25 
ns 


tER 
Input to Output Disable Using Product 
20R4 


Term Control (Note 3) 
20 
ns 


Notes: 
1. See Switching Test Circuit for test conditions. For APL products Group A. Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 


2. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


3. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Iinput Voltage. 
. . . . . . . . . . . . .. 
-1.5 
V to +5.5 V 


DC Output or I/O 
Pin Voltage 
5.5 V 


Stre~ses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mUn1Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are 10t tested. 


OPERATING 
RANG ES 


Military 
(M) Devices 
(Note 1) 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
. . . . . . . . . . . . . . .. 
-55°C 
Min 


Operating 
Case (Tc) 
Temperature 
+ 125°C Max 


Supply Voltage 
(Vcc) with 
Respect to Ground 
. . . . . . . . . . . . +4.50 V to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Note: 


1. Military products are tested at Tc ; +25" C, + 125" C, 


and -55"C per MIL-STD-883. 


DC CHARACTERISTICS 
over MILITARY operating 
ranges unless otherwise 
specified 
(Note 
2) 


Parameter 
SVmbol 
Parameter Description 
Test Conditions 
Min 
Max 
Unit 


I 
Output HIGH Voltage 
IOH; -2 mA 
VIN; VIHor VIL 
2.4 
V 
VOH 


Vcc; 
Min 


VOL 
Output LOW Voltage 
IOL;12mA 
VIN ; VIHor VIL 
0.5 
V 


Vcc; 
Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Voltage for all Inputs (Note 3) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Voltage for all Inputs (Note 3) 


VI 
Input Clamp Voltage 
IIN; -18 mA, Vcc; 
Min 
-1.5 
V 


IIH 
Input HIGH Current 
VIN ; 2.4 V, Vcc ; Max (Note 4) 
25 
~ 
ilL 
Input LOW Current 
VIN; 0.4 V, Vcc ; Max (Note 4) 
-250 
~ 
II 
Maximum Input Current 
VIN; 5.5 V, Vcc ; Max 
1 
mA 


I 
~ 


1 
0lH 
Oil-State Output Leakage 
VOUT; 2.4 V, Vee ; Max 
100 
Current HIGH 
VIN; VIHor VIL (Note 4) 


lOlL 
Oil-State Output Leakage 
VOUT; 0.4 V, Vee ; Max 
-100 
~ 
Current LOW 
VIN; VIHor VIL (Note 4) 


Ise 
Output Short-Circuit Current 
VOUT; 0.5 V, Vee ; Max (Note 5) 
-30 
-130 
mA 


Ice 
Supply Current 
VIN; 0 V, Outputs Open (lOUT; 0 mAl 
210 
mA 


Vec; 
Max 


Notes: 


2. 
Ppr APL Products, Group A, Subgroups " 2, and 3 are tested per MIL-STD-883, Method SODS, unless otherwise noted. 


3. 
~L and VIHare input conditions of output tests and are not themselves directly tested. VILand VIHare absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
Jithout suitable equipment. 


4. 
I/O pin leakage is the worst case of liL and IOZL(or liH and IOZH). 


5. 
Jot more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT; 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Mln 
Max 
Unit 


tPD 
Input or Feedback to Combinatorial Output 
20L8,20R6, 
30 
ns 


20R4 


ts 
Setup Time from Input or Feedback to Clock 
30 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output or Feedback 
20 
ns 


twL 
LOW 
20 
ns 
Clock Width 
20R8,20R6, 
twH 
HIGH 
20R4 
20 
ns 


fMAX 
Maximum 
External Feedback 
1/(ts 
+ tco) 
20 
MHz 
Frequency 
(Note 2) 
No Feedback 
1/(twH + twL) 
25 
MHz 


tpzx 
OE to Output Enable (Note 3) 
25 
ns 


tpxz 
OE to Output Disable (Note 3) 
25 
ns 


tEA 
Input to Output Enable Using Product 
Term Control (Note 3) 
20L8,20R6, 
30 
ns 


tER 
Input to Output Disable Using Product 
20R4 


Term Control (Note 3) 
30 
ns 


Notes: 


1. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are 
tested per MIL-STD-883, Method 5005, unless otherwise noted. 


2. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


3. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 


Input or 
Feedback 


-~_-VT 
Combinatorial 
Output 


Registered 
Output 
1 


Registered 
Output 
2 


Input or 
Feedback 


Registered 
Output 
_ 


Input or 
VT 
Feedback 


OE 


tEA 
tEA 
tpxz 
tpzx 


Combinatorial 
VT 
Registered 
VT 
Output 
Output 


Notes: 


1. 
V(= 1.5 V 


2. 
Inrut pulse amplitude 0 V to 3.0 V 


3. 
Input rise and fall times 2 ns - 3 ns typical 


~EY TO SWITCHING WAVEFORMS 


WAVEFORM 


\\\\\ 


/7777 


Must be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off" State 


JWITCHING 
TEST CIRCUIT 


Don't Care, 
Any Change 
Permitted 


Commercial 
Military 
Measured 
Specification 
S, 
CL 
R, 
R2 
R, 
R2 
Output Value 


tPD,tca 
Closed 
For-5: 
1.5V 
2000 


tpzx, tEA 
Z ....•H: Open 
50 pF 
2000 
For rest 
3900 
7500 
1.5 V 
Z ....•L: Closed 
3900 


tpxz, tER 
H ....•Z: Open 
5 pF 
H ....•Z: VQH- 0.5 V 


L ....•z: Closed 
L ....•Z: Vfx+ 0.5 V 


I 


Does Not 
Apply 
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MEASURED SWITCHING CHARACTERISTICS 
FOR THE PAL20R8-5 


tPDYs. Number 
of Outputs 
Switching 
Vcc = 4.75 V, TA = 75°C (Note 
1) 


7 


6 


5 


4 
IPD, ns 
3 


2 


0 


0 


tPDYS. Load Capacitance 
Vcc = 5.0 V, TA = 25°C 


Note: 


1. +~:~; 
~;a;:a~:: :;:e:::00% tested, but are evaluated at initialcharacterization and at any time the design is modified 


CURRENT VS. VOLTAGE (I-V) CHARACTERISTICS 
FOR THE PAL20R8-5 


Vcc = 5.0 V, TA = 25°C 


~ 
AMD 


INPrT/OUTPUT 
EQUIVALENT SCHEMATICS 


ProgramNerify 
Circuitry 


Input, 
I/O 
Pins 


ProgramNerify/ 


Test Circuitry 


Preload 
Circuitry 


PPWER-UP 
RESET 


The power-up 
reset feature ensures that all flip-flops will 


b~ reset to LOW after the device has been powered 
up. 


Ttje output state will be HIGH due to the inverting output 
buffer. This feature 
is valuable 
in simplifying 
state ma- 
chine initialization. 
A timing diagram 
and parameter 
ta- 


ble are shown below. Due to the synchronous 
operation 


of the power-up 
reset and the wide range of ways Vcc 


can rise to its steady state, two conditions 
are required 


to ensure a valid power-up 
reset. These conditions 
are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOW to HIGH until all applicable 
input and 


feedback 
setup times are met. 


Parameter 
Symbol 
Parameter Description 
Max 
Un" 


tPR 
Power-Up Reset Time 
1000 
ns 


ts 
Input or Feedback Setup Time 
See Switching Characteristics 
twL 
Clock Width LOW 


Registered 
Active-Low 
Output 


_ 
COM'L: H-517110/15/25,Q-10/15/25 
MIL: H-15/20/25 


I 


PALCE20V8 Family 


EE CMOS 24-Pin Universal Programmable 
Array Logic 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 
• 
Pin, function and fuse-map compatible with all 
GAL 20V8/As 
• 
Electrically erasable CMOS technology 
pro- 


vides reconflgurable 
logic and full testability 


• 
High-speed CMOS technology 
- 
5 ns propagation delay for "-5" version 


- 
7.5 ns propagation delay for "-7" version 


• 
DIrect plug-In replacement for a wide range of 
2t-pln PAL devices 
• 
Programmable enable/disable control 


• 
O~tputs Individually 
programmable 
as regis- 
tered or combinatorial 


• 
Preloadable output registers for testability 
Automatic register reset on power-up 


• 
Cost-effective 
24-pln plastic SKINNYDIP and 


28-pln PLCC packages 
• 
Extensive third-party 
software and programmer 


support through FusionPLD partners 


• 
Fully tested for 100% programming 
and func- 


tional yields and high reliability 


• 
Programmable output polarity 


• 
5 ns version utilizes a split leadframe for 
Improved performance 


GE~ERAL 
DESCRIPTION 


The PALCE20V8 is an advanced PAL device built with 
low-power, high-speed, electrically-erasable CMOS 
technology. Its macrocells provide a universal device 
architecture. The PALCE20V8 is fully compatible with 
the GAL20V8 and can directly replace PAL20R8 series 
devices and most 24-pin combinatorial PAL devices. 


Device logic isautomatically configured accordingto the 
user's design specification. A design is implemented us- 
ing any of a number of popular design software pack- 
ages, allowing automatic creation of a programming file 
based on Boolean or state equations. Design software 
also verifies the design and can provide test vectors for 
the finished device. Programming can be accomplished 
on standard PAL device programmers. 


The PALCE20V8 utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 


complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced to 
sum-of-products form, taking advantage of the very 
wide input gates available in PAL devices. The equa- 
tions are programmed into the device through floating- 
gate cells in the AND logic array that can be erased 
electrically. 


The fixed OR array allows upto eight data product terms 
peroutputfor logicfunctions. The sum of these products 
feeds the output macrocell. Each macrocell can be 
programmed as registered or combinatorial with an ac- 
tive-high or active-low output. The output configuration 
isdetermined bytwo global bits and one local bit control- 
ling four multiplexers in each macrocell. 
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AmendmentlO 


CpNNECTION 
DIAGRAMS 


(Top View) 


CLKllo 
Vcc 


11 
113 


12 
1/07 


13 
1/06 


14 
1/05 


15 
1/04 


16 
1/03 


17 
1/02 


Is 
1/01 


19 
1/00 


110 
112 


GND 
OE/h1 


164918-2 


Note: 
Pin 1is marked for orientation. 


PIN DESIGNATIONS 


ClK 
= Clock 


GND 
= Ground 


I 
= Input 


1/0 
= Input/Output 


NC 
= No Connect 


OE 
= Output 
Enable 


Vcc 
= Supply Voltage 


4 
3 
2 
1 282726 


13 
• 
25 
1/06 
14 
24 
1105 


15 
23 
1/04 


NC 
22 
NC 


16 
21 
1/03 


17 
20 
1/02 


18 
11 
19 
1/01 


12 1314 
15161718 


cnOOO 
.•....NO 
-=zz==O 


o 
I~ "" 
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OR~ERING INFORMATION 
cOTmerCial 
Products 


AMg programmable logic products for commercial applications are available with several ordering options. The order number 
(Valia Combination) is formed by a combination of: 


fAMILY TYPE 
PAL = Programmable Array Logic 


PALT 


V 8 H -5 
P C /5L 
PROGRAMMING DESIGNATOR 
Blank = 
Initial Algorithm 
/4 
= 
First Revision 
/5 
Second Revision 
(Same algorithm as /4) 


TECHNOLOGY 
?E 
= CMOS Electrically Erasable 


i~::~;::p:RRAYINPUTS 
f 
= Versatile 


NUMBER OF FLIP-FLOPS 


OPERATING CONDITIONS 
C = Commercial (O°Cto +75°C) 


PACKAGE TYPE 
P = 24-Pin 300 mil Plastic 


SKINNYDIP (PD3024) 


J 
= 28-Pin Plastic Leaded Chip 


Carrier (PL 028) 
fOWER 
~ = Half Power (90-125 mA Ice) 
? = Quarter Power (55 mA Ice) 


SPEED 


1 


5 
5 ns tpo 
7 
7.5 ns tpo 
10 
10 ns tpo 


,15 
15 ns tpo 


·25 
25 ns tpo 


Valid Combinations 


PALCE20V8H-5 
JC 


PALCE20V8H-7 
/5 


PALCE20V8H-10 
Blank, /4 


PALCE20V8Q-10 
/5 


PALCE20V8H-15 
PC,JC 


PALCE20V8Q-15 
Blank, 
PALCE20V8H-25 
/4 


PALCE20V8Q-25 


Valid Combinations 


Valid Combinations lists configurations planned to 
be supported in volume for this device. Consu~ the 
local AMD sales office to confirm availability of spe- 
cific valid combinations and to check on newly re- 
leased combinations. 


O~DERING 
INFORMATION 


APL Products 
AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(AEroved 
Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is jormed by a combination of: 


FAMILY TYPE 
PAL = Programmable Array Logic 


PAL 
T 


V 8 H ·15 E4 IB L Al: 


LEAD FINISH 
A = Hot Solder Dip 


TECHNOLOGY 
CE = CMOS Electrically Erasable 


PACKAGE TYPE 
L 
= 24-Pin (300 mil) Ceramic 
SKINNYDIP (CD3024) 


3 
= 28-Pin Ceramic Leadless 


Chip Carrier (CL 028) 


OUTPUT TYPE 
V 
= Versatile 


POWER 
H = Half Power (130 mA Ice) 


PROGRAMMING DESIGNATOR 
Blank = 
Initial Release 


E4 
First Revision 
(May require different 
programmer revisions) 


SPEED 
-15 
15 ns tpo 


-20 
20 ns tpo 
-25 
25 ns tpo 


Valid Combinations 


PAlCE20V8H-15 
E4 


PALCE20V8H-20 
Blank, IBlA,/B3A 


PALCE20V8H-25 
E4 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


Group A Tests 


Group A tests consist of Subgroups 


1,2,3,7,8,9,10,11. 


Military burn-in is in accordance with the current revision of Mll-STD-883, 
Test Method lOIS, Conditions A through E. 


Trst conditions are selected at AMD's option. 
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FUNCTIONAL 
DESCRIPTION 


ThefALCE20V8 
is a universal 
PAL device. It has eight 


inde 
endently 
configurable 
macrocells 
(MCa ..MCl). 
Eac 
macrocell 
can be configured 
as a registered 
out- 


put, combinatorial 
output, 
combinatorial 
1/0, or dedi- 
cate~ 
input. 
The 
programming 
matrix 
implements 
a 


prog~ammable 
AND logic array, which drives a fixed OR 


logio array. Buffers for device 
inputs have complemen- 


taryrl utputs to provide 
user-programmable 
input signal 


pola ity. Pins 1 and 13 serve either as array inputs or as 
cloc I (CLK) and output 
enable 
(OE) for all flip-flops. 


Unu~ed input pins should be tied directly to Vcc or GND. 
Pro~uct 
terms 
with 
all 
bits 
unprogrammed 
(discon- 
nect13d) assume 
the 
logical 
HIGH 
state 
and 
product 


terms with both true and complement 
of any input signal 


con~cted 
assume 
a logical LOW state. 


The programmable 
functions 
on the PALCE20V8 
are 


auto 
atically configured 
from the user's design specifi- 


cati 
n, which can be in a number of formats. 
The design 


spe 
ification 
is processed 
by development 
software 
to 


verify the design 
and create 
a programming 
file. This 


file, once downloaded 
to a programmer, 
configures 
the 


device according 
to the user's desired 
function. 


The 
user 
is 
given 
two 
design 
options 
with 
the 


PALCE20V8. 
First, it can be programmed 
as an emu- 


lated 
PAL device. 
This 
includes 
the 
PAL20R8 
series 


and most 24-pin combinatorial 
PAL devices. 
The PAL 


device 
programmer 
manufacturer 
will 
supply 
device 


codes 
for the standard 
PAL architectures 
to be used 


with the PALCE20V8. 
The programmer 
will program the 


PALCE20V8 
to the corresponding 
PAL device architec- 


ture. This allows the user to use existing 
standard 
PAL 


device 
JEDEC 
files 
without 
making 
any changes 
to 


them. 
Alternatively, 
the 
device 
can 
be programmed 


directly 
as a PALCE20V8. 
Here the user must use the 


PALCE20V8 
device code. This option provides 
full utili- 


zation of the macrocells, 
allowing 
non-standard 
archi- 


tectures 
to be buill. 


1 1 
OE 
10 
Vcc 
0 0 
o 1 


To 


Adjacent 


Macrocell 


From 


Adjacent 


SLOx 
Pin 


I 
_ 


'In ¥acrocells MCo and MC7. SGt is replaced by SGOon the feedback multiplexer. 


Figure 
1. PALCE20V8 
Macrocell 


_1 
_ 


2-208 
PALCE20V8 
Family 


Cdnfiguration 
Options 


Each macrocell 
can be configured 
as one of the follow- 
ing: registered 
output, combinatorial 
output, combinato- 
rial 
I/O or dedicated 
input. 
In the 
registered 
output 


co~figuration, 
the output buffer is enabled by the OE pin. 


~~~~~If~:~~n:~:~~u~~~~i(~r~~i~~~~: 
~~:~I~~ 
~~t~:; 


dedicated 
input configuration, 
the buffer is always dis- 
abled. A macrocell 
configured 
as a dedicated 
input de- 
rivis 
the input signal from an adjacent 
I/O. 


ThEj macrocell 
configurations 
are controlled 
by the con- 
figuration 
control 
word. 
It contains 
2 global 
bits (SGO 


and SG1) and 16 local bits (SLOothrough 
SL07 and SL 10 
through 
SL 17). SGO determines 
whether 
registers 
will 


be allowed. 
SG1 determines 
whether 
the PALCE20V8 


will emulate 
a PAL20R8 
family 
or a combinatorial 
de- 


vice. Within 
each macrocell, 
SLOx, in conjunction 
with 


SG1, 
selects 
the 
configuration 
of the 
macrocell 
and 


SL 1x sets the output as either active low or active high. 


The configuration 
bits wor!< by acting as control 
inputs 


forthe 
multiplexers 
in the macrocell. 
There are four mul- 
tiplexers: 
a product term input, an enable select, an out- 


put select, and a feedback 
select multiplexer. 
SG1 and 


SLOx are the control 
signals for all four multiplexers. 
In 


MCo 
and 
MC7, SGO replaces 
SG10n 
the 
feedback 
mul iplexer. 


These configurations 
are summarized 
in table 1 and il- 


lustrated 
in figure 2. 


If the PALCE20V8 
is configured 
as a combinatorial 
de- 
vice, the CLK and OE pins may be available 
as inputs to 


the ~rray J!.!he 
device 
is configured 
with registers, 
the 
CLK and OE pins cannot 
be used as data inputs. 


Registered Output Configuration 


The control bit settings are SGO = 0, SG1 = 1 and SLOx = 
O. Trere 
is only one registered 
configuration. 
All eight 


product 
terms 
are available 
as inputs to the OR gate. 
Data polarity 
is determined 
by SL 1x. SL 1x is an input to 


the exclusive-OR 
gate which 
is the D input to the flip- 
flop. SL 1. is programmed 
as 1 for inverted output or 0 


for ~on-inverted 
output. 
The flip-flop 
is loaded 
on the 
LOW.:!.o-HIGH transition 
of CLK. The feedback 
path is 


from Q on the register. 
The output buffer is enabled by 
OE. 


Combinatorial 
Configurations 


The IPALCE20V8 
has three combinatorial 
output con- 


figurations: 
dedicated 
output in a non-registered 
device, 
I/O in a non-registered 
device 
and I/O in a registered 


device. 


Dedicated Output in a Non-Registered 
Device 


The control settings are SGO = 1, SG1 = 0, and SLOx = O. 
All eight product terms are available 
to the OR gate. Al- 
though 
the macrocell 
is a dedicated 
output, 
the feed- 
bac~ is used, 
with 
the 
exception 
of pins 
18(21) 
and 


19(28). 
Pins 18(21) and 19(23) do not use feedback 
in 


this mode. 


Dedicated Input in a Non-Registered 
Device 


The control bit settings are SGO = 1, SG1 = 0 and SLOx = 
1. The output buffer is disabled. 
The feedback 
signal is 


an adjacent 
I/O pin. 


Combinatorial 
I/O in a Non-Registered 


Device 


The control settings are SGO = 1, SG 1 = 1, and SLOx = 1. 
Only seven product terms are available 
to the OR gate. 


The eighth 
product 
term 
is used to enable 
the output 


buffer. The signal at the I/O pin is fed back to the AND 
array via the feedback 
multiplexer. 
This allows the pin to 


be used as an input. 


Combinatorial 
I/O in a Registered Device 


The control bit settings are SGO=0,SG1 =1 and SLOx =1. 
Only seven product terms are available 
to the OR gate. 


The eighth product 
term is used as the output 
enable. 


The feedback 
signal is the corresponding 
I/O signal. 


SGO SG1 SLOx Cell Configuration 
Devices Emulated 


Device has registers 


0 
1 
0 
Registered 
PAL20R8,20R6, 


Output 
20R4 
0 
1 
1 
Combinatorial I/O 
PAL20R6,20R4 


Device has no registers 


1 
0 
0 
Combinatorial 
PAL20L2, 


Output 
18L4,16L6,14L8 


1 
0 
1 
Dedicated Input 
PAL20L2,18L4, 
16L6 


1 
1 
1 
Combinatorial I/O 
PAL20L8 


Programmable Output Polarity 


The polarity of each macrocell 
output can be active high 


or active low, either to match output 
signal needs or to 


reduce 
product 
terms. 
Programmable 
polarity 
allows 


Boolean expressions 
to be written in their most compact 


form (true or inverted), 
and the output can still be of the 


desired 
polarity. 
It can 
also 
save 
"DeMorganizing" 
efforts. 


Selection 
is made 
through 
a programmable 
bit SL 1. 


which controls an exclusive-OR 
gate at the output of the 


AND/OR 
logic. The output 
is active high if SL 1. is a 0 


and active low if SL 1x is a 1. 
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Notes: 
1. Feedback is not available on pins 18 (21) 


and 19 (23) in the combinatorial output mode. 


2. 
This macrocell configuration is not available on 
pins 18 (21) and 19 (23). 
$- 


~---<=J 
Adjacent 
110 pin 


P9wer-Up Reset 


All flip-flops 
power up to a logic LOW for predictable 
sys- 
tem initialization. 
Outputs of the PALCE20V8 
depend on 


whether 
they are selected 
as registered 
or combinato- 


rial. If registered 
is selected, 
the output will be HIGH. If 
combinatorial 
is selected, the output will be a function of 
the logic. 


Register Preload 


The register on the PALCE20V8 
can be preloaded 
from 


the output pins to facilitate functional 
testing of complex 
state machine 
designs. 
This feature 
allows direct load- 
ing of arbitrary 
states, 
making 
it unnecessary 
to cycle 


through 
long test vector 
sequences 
to reach a desired 


sta,e. 
In addition, 
transitions 
from illegal states can be 


ver~ied 
by loading 
illegal 
states and observing 
proper 


recovery. 


Security Bit 


A security bit is provided 
onthe 
PALCE20V8 
as a deter- 
ren~ to unauthorized 
copying 
of the array configuration 


pat~erns. Once programmed, 
this bit defeats 
readback 


and verification 
of the programmed 
pattern by a device 


programmer, 
securing 
proprietary 
designs 
from 
com- 
petitors. 
The bit can only be erased in conjunction 
with 


the array during an erase cycle. 


Electronic Signature Word 


An 
electronic 
signature 
word 
is 
provided 
in 
the 
PALCE20V8. 
It consists 
of 64 bits of programmable 


memory 
that can contain 
any user-defined 
data. The 


signature 
data is always available to the user independ- 
ent of the security 
bit. 


Programming and Erasing 


The PALCE20V8 
can be programmed 
on standard 
logic 


programmers. 
It also may be erased 
to reset a previ- 


ously configured 
device back to its virgin state. Erasure 
is automatically 
performed 
by the programming 
hard- 


ware. No special erase operation 
is required. 


Quality and Testability 


The PALCE20V8 
offers a very high level of built-in qual- 


ity. The erasability 
of the device provides 
a direct means 


of verifying 
performance 
of all AC and DC parameters. 


In addition, 
this verifies 
complete 
programmability 
and 


functionality 
of the device 
to provide 
the highest 
pro- 


gramming 
and post-programming 
functional 
yields 
in 


the industry. 


Technology 


The high-speed 
PALCE20V8H 
is fabricated 
with AM D's 


advanced 
electrically 
erasable 
(EE) 
CMOS 
process. 


The array connections 
are formed with proven EE cells. 


Inputs and outputs 
are designed 
to be compatible 
with 


TTL 
devices. 
This 
technology 
provides 
strong 
input 


clamp diodes, output slew-rate 
control, 
and a grounded 


substrate 
for clean switching. 
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LOPIC DIAGRAM 
SKINNYDIP (PLCC and LCC) Pinouts 
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LOGIC DIAGRAM (continued) 


S11NNYDIP (PLCC and LCC) Pinouts 


'6171- 
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ABtOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with Power Applied 
.....•....... 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
---D.5V to +7.0 V 


DC I~put Voltage. 
. . . . . . . . .. 
-0.5 
V to Vcc + 0.5 V 


DC Output or 1/0 
Pin Voltage 
-0.5 
V to Vcc + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Latc~u~ curren: 
(TA '9 0 C to 75 C) . . . . . . . . . . . . . . . . . . . .. 
100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING RANGES 


Commercial (C) Devices 
Temperature 
(TA) Operating 
in Free Air 
. . . . . . . . . . . . . . . . . . . .. 
DoC to 75°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL operating ranges unless otherwise 
specified 


Parameter 
Symbol 
Parameter Description 
Test ~ondltions 
Mln 
Max 
Unit 


VOH 
Output HIGH Voltage 
IOH=-3.2 
mA 
VIN= VIH or VIL 
2.4 
V 


Vcc = Min 


VOL 
Output LOW Vohage 
IOL= 24 mA 
VIN = VIHor VIL 
0.5 
V 


Vcc = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Vohage for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Voltage for all Inputs (Note 1) 


hH 
Input HIGH Leakage Current 
VIN= 5.25 V, Vcc = Max (Note 2) 
10 
J.1A 


ilL 
Input LOW Leakage Current 
VIN = 0 V, Vcc = Max (Note 2) 
-100 
J.1A 


lozH 
Off-State Output Leakage 
VOUT= 5.25 V, Vcc = Max 
10 
J.1A 


I 
Current HIGH 
VIN= VIHor VIL (Note 2) 


IOZL 
Off-State Output Leakage 
VOUT= 0 V, Vcc = Max 
-100 
J.1A 


Current LOW 
VIN= VIHor VIL (Note 2) 


Isc 
Output Short-Circuit Current 
Your = 0.5 V, Vcc = Max 
(Note 3) 
-30 
-150 
mA 


Icc 
Supply Current 
Outputs Open (lOUT= 0 mAl, VIN= 0 V 
125 
mA 
(Static) 
Vcc= Max 


Note~: 
1. 
These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included. 


2. 
I/O pin leakage is the worst case of IlLand lozL (or IIHand IOZH). 


3. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VOUT= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Descriptions 
Test Conditions 
Typ 
Un" 


CIN 
Input Capacitance 
VIN= 2.0 V 
I 
Vcc = 5.0 V, TA = 25°C, 
5 
pF 


CooT 
Output Capacitance 
VOUT=2.0V I 
1= 1 MHz 
8 
pF 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Mln 
Symbol 
Parameter Description 
(Note 5) 
Max 
Un" 


tPD 
Input or Feedback to Combinatorial Output 
1 
5 
ns 


ts 
Setup Time Irom Input or Feedback to Clock 
3 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
1 
4 
ns 


tSKEWR 
Skew Between Registered Outputs (Note 4) 
1 
ns 


twL 
LOW 
3 
ns 
Clock Width 
HIGH 
3 
twH 
ns 


External Feedback 
I 
l/(ts+tco) 
142.8 
MHz 
Maximum 
lMAX 
Frequency 
Internal Feedback (ICNT) 
166 
MHz 
(Note 3) 
No Feedback 
I 
l/(tWH+twL) 
166 
MHz 


tpzx 
OE to Output Enable 
1 
6 
ns 


tpxz 
OE to Output Disable 
1 
5 
ns 


tEA 
Input to Output Enable Using Product Term Control 
2 
6 
ns 


tER 
Input to Output Disable Using Product Term Control 
2 
5 
ns 


Notes: 
2. 
lsee Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


4. 
Skew testing takes into account pattern and switching direction differences between outputs that have equalloading. 


5. 
Output delay minimums for /Po. tco, tpzx. tpxz, tEA,and tERare defined under best case conditions. Future process 
improvements may alter these values therefore. minimum values are recommended for simulation purposes only. 


~ 
AMD 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Sup~ly Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage 
-0.5 
V to Vee + 0.5 V 


DC Output or I/O 
Pin 
oltage 
-0.5 
V to Vee + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Latchup 
Current 
(TA = O°C to 75°C) 
. . . . . . . . . . . . . . . . . . . .. 
100 mA 


Stresfes above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING 
RANG ES 
Commercial (el Devices 
Temperature 
(TA) Operating 
in Free Air 
. . . . . . . . . . . . . . . . . . . .. 
O°C to 75°C 


Supply Voltage 
(Vee) with 
Respect to Ground 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless otherwise 
speCified 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Min 
Max 
Unit 


yoo 
Output HIGH Voltage 
IOH=-3.2 
mA 
VIN= VIH or VIL 
2.4 
V 


Vee = Min 


VOL 
Output LOW Voltage 
IOL= 24 mA 
VIN = VIHor VIL 
0.5 
V 
Vee = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


I 
Voltage for all Inputs (Nole 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 
Voltage for all Inputs (Note 1) 


IIH 
Input HIGH Leakage Current 
VIN = 5.25 V, Vcc = Max (Note 2) 
10 
J.1A 


ilL 
Input LOW Leakage Current 
VIN = 0 V, Vce = Max (Note 2) 
-100 
J.1A 


IOlH 
Oil-State Output Leakage 
VOUT= 5.25 V, Vee = Max 
10 
J.1A 


Current HIGH 
VIN= VIHor VIL (Note 2) 


lOlL 
OIf-State Output Leakage 
VOUT= 0 V, Vce = Max 
-100 
J.1A 


Current LOW 
VIN= VIHor VIL (Note 2) 


Ise 
Output Short-Circuit Current 
VOUT= 0.5 V, Vee = Max 
(Note 3) 
-30 
-150 
mA 


Ice 
Supply Current 
Outputs Open (lOUT= 0 mAl 
115 
mA 
(Dynamic) 
Vce = Max, f = 25 MHz 


Notes: 
1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included. 


2. 
I/O pin leakage is the worst case of hL and 10zL (or hH and 10zH). 


3. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 


I Symbol 
Parameter 
Descriptions 
Test 
Conditions 
Typ 
Un" 


I 
CIN 
Input Capacitance 
VIN- 
2.0V 
I 
Vee = 5.0 V, TA = 25°C, 
5 
pF 


GouT 
Output 
Capacitance 
VOUT=2.0V 
I 
f= 
1 MHz 
8 
pF 


Note: 
1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Symbol 
Parameter 
Description 
Min 
Max 
Unit 


tPD 
Input or Feedback 
to Combinatorial 
Output 
I 8 Outputs 
Switching 
3 
7.5 
ns 


I 1 Output 
Switching 
3 
7 
ns 


ts 
Setup 
Time from 
Input or Feedback 
to Clock 
5 
ns 


tH 
Hold Time 
0 
ns 


teo 
Clock 
to Output 
1 
5 
ns 


!;SKEWR 
Skew 
Between 
Registered 
Outputs 
(Note 4) 
1 
ns 


twL 
LOW 
4 
ns 
Clock 
Width 
tWH 
HIGH 
4 
ns 


Maximum 


External 
Feedback 
I 
1/(ts+teo) 
100 
MHz 


fMAX 
Frequency 
Internal 
Feedback 
(feNT) 
125 
MHz 
(Note 3) 


No Feedback 
I 
1/(tWH+twLl 
125 
MHz 


tpzx 
OE to Output 
Enable 
1 
6 
ns 


tpxz 
OE to Output 
Disable 
1 
6 
ns 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
3 
9 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
3 
9 
ns 


Notes: 
2. 
See Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


4. 
\skew testing takes into account pattern and switching direction differences between outputs that have equalloading. 


5. 
OutputdelayminimumsfortpD, 
tco. tpzx, tpxz, tEA,andtER are defined under best case conditions. Future process 
improvements may alter these values therefore, minimum values are recommended for simulation purposes only. 


~ 
AMD 


ABSOLUTE 
MAXIMUM RATINGS 


~~~';~t 
~::::~~r: 
-65°C 
to + 150°C 


with ~ower Applied 
-55°C 
to +125°C 


Supply Voltage 
with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-0.5 
V to Vcc + 0.5 V 


DC Output or 1/0 
Pin Voltage 
-0.5 
V to Vcc + 0.5 V 


~:~~1u~i~~r~:~~ 
Voltage 
2001 V 


(TA = DoC to 75°C) 
100 mA 


OPERATING 
RANGES 


Commercial 
(C) Devices 
Temperature 
(TA) Operating 
in Free Air 
. . . . . . . . . . . . . . . . . . . .. 
DoC to 75°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC ~HARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless 
otherwise 
specified 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unit 


VOH 
Output 
HIGH 
Vo~age 
10H = -3.2 mA 
VIN = VIH or VIL 
2.4 
V 


Vcc = Min 


I 


VOL 
Output 
LOW 
Voltage 
IOL = 24 mA 
VIN = VIH or VIL 
0.5 
V 


Vcc = Min 


!VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voltage 
for all Inputs 
(Note 1) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 1) 


IIH 
Input HIGH 
Leakage 
Current 
VIN = 5.25 V, Vcc = Max (Note 2) 
10 
~ 


ilL 
Input LOW 
Leakage 
Current 
VIN = 0 V, Vcc 
= Max (Note 2) 
-10 
~ 


IOZH 
Off-State 
Output 
Leakage 
VOUT = 5.25 V, Vcc 
= 
Max 
10 
~ 
Current 
HIGH 
VIN = VIH or VIL (Note 2) 


IOZL 
Off-State 
Output 
Leakage 
VOUT = 0 V, Vcc 
= Max 
-10 
~ 
Current 
LOW 
VIN = VIH or VIL (Note 2) 


Isc 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vcc = Max 
(Note 3) 
-30 
-150 
mA 


Icc 
Supply 
Current 
Outputs 
Open 
(lOUT = 0 mA) 
115 
mA 


(Dynamic) 
Vcc = Max, f = 25 MHz 


Notes: 


1. THeseare absolute values with respect to device ground all overshoots due to system and/or tester noise are included. 


2. 
I/O pin leakage is the worst case of ItL and IOZL (or IIH and lozH ). 


3. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VOUT= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


clpACITANCE 
(Note 1) 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN= 2.0 V 
I Vcc = 5.0 V, TA = 25°C, 
5 
pF 


I GoUT 
Output Capacitance 
VOUT= 2.0 V I I = 1 MHz 
8 
pF 


Note: 


1. 
These parameters 
are not 
100% tested, 
but are evaluated 
at initial 
characterization 
and at any time 
the design 
is modified 
where 
capacitance 
may be affected. 


Parameter 
Mln 
Symbol 
Parameter Description 
(Note 4) 
Max 
Unit 


tPD 
Input or Feedback to Combinatorial Output 
3 
10 
ns 


ts 
Setup TIme Irom Input or Feedback to Clock 
7.5 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
3 
7.5 
ns 


twL 
LOW 
6 
ns 
Clock Width 
twH 
HIGH 
6 
ns 


Maximum 
External Feedback 
b/(ts+tcO) 
66.7 
MHz 


lMAX 
Frequency 
Internal Feedback (ICNT) 
71.4 
MHz 
(Note 3) 
No Feedback 
11I(tWH+tWL) 
83.3 
MHz 


tpzx 
OE to Output Enable 
2 
10 
ns 


tpxz 
OE to Output Disable 
2 
10 
ns 


tEA 
Input to Output Enable Using Product Term Control 
3 
10 
ns 


tER 
Input to Output Disable Using Product Term Control 
3 
10 
ns 


NotrS: 


2. 
See Switching 
Test Circuit 
for test conditions. 


3. 
These parameters 
are not 
100% tested, 
but are calculated 
at initial 
characterization 
and at any time the design 
is modified 
where 
frequency 
may be affected. 


4. 
Output 
delay 
minimums 
for tPD, teo, tpzx, tpxz, tEA, and tER are defined 
under 
best case 
conditions. 
Future 
process 
improvements 
may alter these 
values 
therefore, 
minimum 
values 
are recommended 
for simulation 
purposes 
only. 
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ABboLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-0.5 
V to Vee + 0.5 V 


DC Output or I/O 
Pin Y01tage 
-0.5 
V to Vee + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Latchup 
Current 
(TA = O°C to 75°C) 
100 mA 


Stre~ses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING 
RANGES 
Commercial (C) Devices 
Temperature 
(TA) Operating 
in Free Air 
. . . . . . . . . . . . . . . . . . . .. 
O°C to 75°C 


Supply Voltage 
(Vee) with 
Respect to Ground 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless 
otherwise 
specified 


PRELIMINARY 


Parameter 
!:iymbol 
Parameter Description 
Test Conditions 
Mln 
Max 
Unit 


VOH 
Output HIGH Voltage 
IOH= -3.2 mA 
VIN= VIH or VIL 
2.4 
V 
Vee = Min 


VOL 
Output LOW Voltage 
IOL= 24 mA 
VIN = VIHor VIL 
0.5 
V 


Vee = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Voltage for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 
Voltage lor all Inputs (Note 1) 


IIH 
Input HIGH Leakage Current 
VIN= 5.25 V, Vee = Max (Note 2) 
10 
).lA 


ilL 
Input LOW Leakage Current 
VIN= 0 V, Vee = Max (Note 2) 
-10 
).lA 


IOlH 
Off-State Output Leakage 
VOUT= 5.25 V, Vee = Max 
10 
).lA 


Current HIGH 
VIN= VIHor VIL (Note 2) 


lOlL 
Off-State Output Leakage 
VOUT= 0 V, Vee = Max 
-10 
).lA 


Current LOW 
VIN= VIHor VIL (Note 2) 


Ise 
Output Short-Circuit Current 
VOUT= 0.5 V, Vee = Max 
(Note 3) 
-30 
-150 
mA 


Ice 
Supply Current 
Outputs Open (lOUT= 0 mAl 
55 
mA 
(Dynamic) 
Vee = Max, I = 15 MHz 


Notes: 


1. Tilese are absolute values with respect to device ground all overshoots due to system and/or tester noise are included. 


2. 
VOpin leakage is the worst case of IlL and IOZL 
(or hH and IOZH ). 


3. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


ViUT 
= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


CiPACITANCE 
(Note 1) 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Un" 


CIN 
Input Capacitance 
VIN= 2.0 V 
I Vcc = 5.0 V, TA = 25°C, 
5 
pF 


CoUT 
Output Capacitance 
VOUT= 2.0 V I I = 1 MHz 
8 
pF 


Note: 


1. 
These parameters 
are not 
100% tested. 
but are evaluated 
at initial 
characterization 
and at any time 
the design 
is modified 
where 
capacitance 
may be affected. 


~ITCHING 
CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges (Note 2) 


PRELIMINARY 


Parameter 
Mln 
Symbol 
Parameter Description 
(Note 4) 
Max 
Un" 


tPD 
Input or Feedback to Combinatorial Output 
3 
10 
ns 


ts 
Setup Time Irom Input or Feedback to Clock 
7.5 
ns 


tH 
Hold Time 
0 
ns 


I tco 
Clock to Output 
3 
7.5 
ns 


tWL 
LOW 
6 
ns 
Clock Width 
twH 
HIGH 
6 
ns 


Maximum 
External Feedback 
b/(ts+tcO) 
66.7 
MHz 


lMAX 
Frequency 
Internal Feedback (ICNT) 
71.4 
MHz 
(Note 3) 


No Feedback 
h/(tWH+tWL) 
83.3 
MHz 


tpzx 
OE to Output Enable 
2 
10 
ns 


tpxz 
OE to Output Disable 
2 
10 
ns 


I tEA 
Input to Output Enable Using Product Term Control 
3 
10 
ns 


ItER 
Input to Output Disable Using Product Term Control 
3 
10 
ns 


Notes: 
2. SeeSwitching 
Test Circuit 
for test conditions. 


3. 
rhese 
parameters 
are not 
100% tested, 
but are calculated 
at initial 
characterization 
and at any time the design 
is modified 
L'here 
frequency 
may be affected. 


4. 
Output 
delay 
minimums 
for tPD. tco. tpzx. tpxz. tEA. and tER are defined 
under 
best case 
conditions. 
Future 
process 
improvements 
may alter these 
values 
therefore, 
minimum 
values 
are recommended 
for simulation 
purposes 
only. 


~ 
AMD 


ABSOLUTE 
MAXIMUM RATINGS 


Storage 
Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage 
with 
Respect to Ground 
-D.5 V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-D.5 V to Vee + 0.5 V 


DC Output or 
I/O Pin Voltage 
-0.5 
V to Vee + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Latchup 
Current 
(TA = DoC to +75°C) . . . . . . . . . . . . . . . . . . .. 
100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings !nay cause permanent device failure. Functionality at or 
abov~ these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING 
RANGES 


Commercial 
(C) Devices 
Temperature 
(TA) Operating 
in Free Air 
DoC to +75°C 


Supply Voltage 
(Vee) 
with Respect to Ground 
..... 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless 
otherwise 
spe1cified 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Unit 


VOH 
Output 
HIGH 
Voltage 
IOH =-3.2 
mA 
VIN = VIH or VIL 
2.4 
V 


Vee = Min 


VOL 
Output 
LOW 
Voltage 
IOL = 24 mA 
VIN = VIH or VIL 
0.5 
V 


Vee = Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voltage 
lor all Inputs 
(Note 
1) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
lor all Inputs 
(Note 
1) 


IIH 
Input HIGH 
Leakage 
Current 
VIN = 5.25 V. Vee 
= Max (Note 2) 
10 
v.A 


ilL 
Input LOW 
Leakage 
Current 
VIN = 0 V, Vee 
= Max (Note 2) 
-10 
v.A 


IOZH 
all-State 
Output 
Leakage 
VOUT = 5.25 V, Vee 
= 
Max 


Current 
HIGH 
VIN = VIH or VIL (Note 2) 
10 
~ 


lOlL 
OfI-Sta1e 
Output 
Leakage 
VOUT = 0 V, Vec 
= Max 
-10 
v.A 
Current 
LOW 
VIN = VIH or VIL (Note 2) 


Ise 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vee = Max 
(Note 3) 
-30 
-150 
mA 


Ice 
Supply 
Current 
Outputs 
Open 
(lOUT = 0 mAl 
I 
H 
90 
mA 


Vee = Max, I = 15 MHz 
I 
Q 
55 


Notes: 


1. these are absolute values with respect to device ground all overshoots due to system and/or tester noise are included. 


2. 
1)0pin leakage is the worst case of IlL and IOZL 
(or IIH and IOZH ). 


3. 
ryot more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


VOUT = 0.5 
V has been chosen to avoid test problems caused by tester ground degradation. 


J 
~~ 
~-------- 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


I 
CIN 
Input Capacitance 
VIN = 2.0 V 
IVcc = 5.0 V, TA = 25°C, 
5 
pF 


COUT 
Output Capacitance 
VOUT= 2.0 V If = 1 MHz 
B 
pF 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
-15 
-25 
Symbol 
Parameter Description 
Min 
Max 
Min 
Max 
Unit 


tPD 
Input or Feedback to Combinatorial Output 
15 
25 
ns 


ts 
Setup Time from Input or Feedback to Clock 
12 
15 
ns 


tH 
Hold Time 
0 
0 
ns 


tco 
Clock to Output 
10 
12 
ns 


tWL 
LOW 
B 
12 
ns 
Clock Width 
tWH 
HIGH 
B 
12 
ns 


Maximum 
External Feedback 11I(ts+tcO) 
45.5 
37 
MHz 


fMAX 
Frequency 
Internal Feedback (teNT) 
50 
40 
MHz 
(Note 3) 
No Feedback 
11/(tWH+tWL) 
62.5 
41.6 
MHz 


tpzx 
OE to Output Enable 
15 
20 
ns 


tpxz 
OE to Output Disable 
15 
20 
ns 


tEA 
Input to Output Enable Using Product Term Control 
15 
25 
ns 


tER 
Input to Output Disable Using Product Term Control 
15 
25 
ns 


Noes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested. but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABrOLUTE 
MAXIMUM RATINGS 


Storrge 
Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage 
with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Ipput Voltage. 
. . . . . . . . .. 
-0.5 
V to Vcc + 1.0 V 


DC Output or I/O 
Pin Voltage 
-0.5 
V to Vcc + 1.0 V 


Static Discharge 
Voltage 
2001 V 


Latchup Current 
(Tc = -55°C 
to +125°C) 
100 mA 


OPERATING 
RANGES 


Military 
(M) Devices 
(Note 1) 
Operating 
Case 
Temperature 
(Tc) 
-55°C 
to + 125°C 


Supply Voltage 
(Vee) 
with Respect to Ground 
+4.5 V to +5.5 V 


Note: 
1. Military products are tested at Tc = +25"C, + 125"C and 


-55"C, per MIL-STD-883. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are net tested. 


DC CHARACTERISTICS 
over MILITARY operating 
ranges unless otherwise 
specified 
(Note 
2) 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Unit 


VQH 
Output 
HIGH 
Voltage 
IOH =-2.0 
mA 
VIN = VIH or VIL 
2.4 
V 


Vee = Min 


VOL 
Output 
LOW 
Voltage 
IOL = 12 mA 
VIN = VIH or VIL 
0.5 
V 


Vee = Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voltaqe 
for all Inputs '(Note 3) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 3) 


hH 
Input HIGH 
Leakage 
Current 
VIN = 5.5 V, Vce 
= Max (Note 4) 
10 
~ 


ilL 
Input LOW 
Leakage 
Current 
VIN = 0 V, Vee 
= Max (Note 4) 
-10 
~ 


IOZH 
Off-State 
Output 
Leakage 
VOUT = 5.5 V, Vee 
= Max 
10 
~A 
Current 
HIGH 
VIN = VIH or VIL (Note 4) 


lOlL 
Ofl-State 
Output 
Leakage 
VOUT = 0 V, Vee 
= Max 
-10 
~A 
Current 
LOW 
VIN = VIH or VIL (Note 4) 


Ise 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vee = 5.0 V, TA = 25°C 
-30 
-150 
mA 
(Note 5) 


Ice 
Supply 
Current 
Outputs 
Open 
(lOUT = 0 mAl 
130 
mA 


(Dynamic) 
Vee = Max, I = 25 MHz 


Notes: 


2. 
For APL products, Group A, Subgroups 1,2 and 3 are tested per MIL-STD-833, Method 5005. unless otherwise noted. 


3. 
V,Land V/Hare input conditions of output tests and are not themselves directly tested. V/Land V/Hare absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. 
/lQ pin leakage is the worst case of ItL and IOZL (or IIH and lozH ). 


5. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VOUT= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 
tested, but is evaluated at initial characterization and at any time the design is modified where Isc may be affected. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN= 2.0 V 
I Vcc = 5.0 V, TA = 25°C, 
8 
pF 


GoUT 
Output Capacitance 
VOUT= 2.0 V I I = 1 MHz 
8 
pF 


Note: 


1. 
These parameters 
are not 
100% tested, 
but are evaluated 
at initial characterization 
and at any time the design 
is modified 
where 
capacitance 
may be alfected. 


p~rameter 
-15 
Min 
Symbol 
Parameter Description 
(Note 5) 
Max 
Unit 


tPD 
Input or Feedback to Combinatorial Output 
3 
15 
ns 


ts 
Setup Time lrom Input or Feedback to Clock 
12 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
3 
12 
ns 


tWL 
LOW 
10 
ns 
Clock Width 
twH 
HIGH 
10 
ns 


Maximum 
External Feedback 
h/(ts+tcO) 
41.6 
MHz 


lMAX 
Frequency 
Internal Feedback (ICNT) 
45.5 
MHz 
(Note 3) 
11I(tWH+twL) 
No Feedback 
50.0 
MHz 


tpzx 
OE to Output Enable 
3 
15 
ns 


tpxz 
OE to Output Disable 
3 
15 
ns 


tEA 
Input to Output Enable Using Product Term Control (Note 4) 
3 
15 
ns 


tER 
Input to Output Disable Using Product Term Control (Note 4) 
3 
15 
ns 


Notes: 


2. 
See Switching 
Test Circuit 
for test conditions. 
For APL Products, 
Group A, Subgroups 
9, 10, and 11 are tested 
per 
MIL-STD-883, 
Method 
5005, 
unless 
otherwise 
noted. 


3. 
These parameters 
are not 
100% tested, 
but are calculated 
at initial characterization 
and at any time the design 
is modified 
where 
frequency 
may be affected. 


4. 
These parameters 
are not 
100% tested, 
but are evaluated 
at initial 
characterization 
and at any time the design 
is modified 
where 
these parameters 
may be affected. 


5. 
Output 
delay 
minimums 
for tpo, tco, tpzx, tpxz, tEA, and tER are defined 
under 
best case 
conditions. 
Future 
process 
improvements 
may alter these 
values 
therefore, 
minimum 
values 
are recommended 
for simulation 
purposes 
only. 
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ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with fower 
Applied 
-55°C 
to +125°C 


SupJ:?lyVoltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-0.5 
V to Vcc + 0.5 V 


DC Output or I/O 
Pin Voltage 
-0.5 
V to Vcc + 0.5 V 


Statib Discharge 
Voltage 
2001 V 


Latchup 
Current 
(Tc = -55°C 
to + 125°C) 
100 rnA 


Stresses above those listed under Absolute Maximum Rat- 
ings tray cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are nEt tested. 


OPERATING 
RANGES 


Military 
(M) Devices 
(Note 
1) 


Operating 
Case 
Temperature 
(Te) 
-55°C 
to + 125°C 


Supply Voltage 
(Vce) 
with Respect to Ground 
+4.5 V to +5.5 V 


Note: 
1. Military products are tested at Tc = +25"C, + 125"C and 


-55"C, per MIL-STD-883. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over MILITARY operating 
ranges unless otherwise 
specified 
(Note 
2) 


Pa~ameter 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Unh 
Symbol 


VQH 
Output 
HIGH 
Voltage 
IOH =-2.0 
mA 
VIN = VIH or VIL 
2.4 
V 


Vee = Min 


VOL 
Output 
LOW 
Voltage 
IOL = 12 mA 
VIN = VIH or VIL 
0.5 
V 


Vcc 
= Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Vottage 
for all Inputs 
(Note 3) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
O.B 
V 


Vottage 
for all Inputs 
(Note 3) 


IIH 
Input 
HIGH 
Leakage 
Current 
VIN = 5.5 V, Vcc 
= Max (Note 4) 
10 
Il.A 


ilL 
Input LOW 
Leakage 
Current 
VIN = 0 V, Vee 
= Max (Note 4) 
-10 
Il.A 


IOZH 
Off-State 
Output 
Leakage 
VOUT = 5.5 V, Vcc 
= Max 
10 
llA 
Current 
HIGH 
VIN = VIH or VIL (Note 4) 


'?ZL 
Off-State 
Output 
Leakage 
VOUT = 0 V, Vec 
= Max 
-10 
llA 
Current 
LOW 
VIN = VIH or VIL (Note 4) 


Isc 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vec = 5.0 V, TA = 25°C 
-30 
-150 
mA 
(NoteS) 


Icc 
Supply 
Current 
Outputs 
Open 
(lOUT = 0 mAl 
130 
mA 


(Dynamic) 
Vce = Max, f = 25 MHz 


Notes: 


2. 
For APL products, Group A. Subgroups 1,2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted. 


3. 
V/~and V,Hare input conditions of output tests and are not themselves directly tested. V/Land V/Hare absolute voltages with 
re~pect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
Wi\hout suitable equipment. 


4. 
VOpin leakage is the worst case of ItL and IOZL (or I/H and lozH ). 


5. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VOUT= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 
tedted, but is evaluated at initial characterization and at any time the design is modified where Isc may be affected. 


C~PACITANCE (Note 1) 


Parameter 


Symbol 
Parameter Description 
Test Conditions 
Typ 
Unh 


CIN 
Input Capacitance 
VIN = 2.0 V I Vcc = 5.0 V, TA = 25°C, 
8 
pF 


[ COUT 
Output Capacitance 
VOUT= 2.0 V I I = 1 MHz 
8 
pF 


Note: 


1. I These parameters 
are not 
100% tested. 
but are evaluated 
at initial 
characterization 
and at any time the design 
is modified 
where 
capacitance 
may be affected. 


Parameter 
-20 
-25 
Symbol 
Parameter Description 
Min 
Max 
Min 
Max 
Unh 


tpo 
Input or Feedback to Combinatorial Output 
20 
25 
ns 


ts 
Setup Time Irom Input or Feedback to Clock 
15 
20 
ns 


tH 
Hold Time (Note 5) 
0 
0 
ns 


tco 
Clock to Output 
15 
20 
ns 


tWL 
LOW 
12 
15 
ns 


Clock Width 


tWH 
HIGH 
12 
15 
ns 


External Feedback 11/(ts+tcO) 
33.3 
25 
MHz 
Maximum 


lMAX 
Frequency 
Internal Feedback (ICNT) 
35.7 
26.3 
MHz 
(Note 3) 


No Feedback 
11/(tWH+tWL) 
41.7 
33.3 
MHz 


tpzx 
OE to Output Enable 
(Note 3) 
18 
20 
ns 


tpxz 
OE to Output Disable 
(Note 3) 
18 
20 
ns 


tEA 
Input to Output Enable Using Product 
20 
25 
ns 


Term Control (Note 3) 


tER 
Input to Output Disable Using Product 
20 
25 
ns 


Term Control (Note 3) 


Notes: 


2. 
See Switching 
Test Circuit 
for test conditions. 
For APL Products, 
Group A, Subgroups 
9, 10, and 11 are tested 
per 
MIL-STD-883, 
Method 
5005, 
unless 
otherwise 
noted. 


3. 
These parameters 
are not 
100% tested, 
but are evaluated 
at initial 
characterization 
and at any time the design 
is modified 
where 
these parameters 
may be affected. 
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SvJlTCHING WAVEFORMS 


Input or 
Feedback 


Input or 
Feedback 


----~~-VT 
Combinatorial 
Output 


Registered 
Output 
~ 


Notes: 


1. Vr= 1.5 V 


2. 
Input pulse amplitude 0 V to 3.0 V. 


3. 
Input rise and fall times 2ns - 5ns typical. 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
Steady 
Steady 
\\\\\ 


May 
Will be 
Change 
Changing 
from H to L 
from H to L 
//71/ 


May 
Will be 
Change 
Changing 
from L to H 
from L to H 
'Itt!JX 


Don't Care, 
Changing, 


Any Change 
State 
Permitted 
Unknown 
}}) err 


Does Not 
Center 
Apply 
Line is High- 
Impedance 
"Off" State 


Commercial 
Military 
Measured 
Specification 
S, 
CL 
R, 
R2 
R, 
R2 
Output Value 


tPD,tco 
Closed 
50 pF 
1.5V 


tpzx, tEA 
z~ H: Open 
50 pF 
3900 
1.5 V 
Z ~ L: Closed 
2000 
H-5: 
3900 
7500 


tpxz, tER 
H ~Z:Open 
5 pF 
2000 
H ~ Z: VOH- 0.5 V 


L ~Z: 
Closed 
L ~ Z: VOL+ 0.5 V 


~IAMD 


TYPICAL IceCHARACTERISTICS 
Vcc= 5.0 V, TA = 25°C 


100 


20V8H-7 
Ice (mA) 
75 
20V8H-l0 
20V8H-15125 


50 


20V8Q-15125 


25 


The sltlected 
"typical" 
pattern 
utilized 
50% of the device 
resources. 
Half of the macrocells 
were programmed 
as registered, 
and 
the other 
half were programmed 
as combinatorial. 
Half of the available 
product 
terms 
were used 
for each 
macrocell. 
On any 
vector, 
half of the outputs 
were switching. 


By utilizing 
50% of the device, a midpoint 
is defined 
for Ice. From this midpoint, a designer 
may scale the Ice graphs 
up or down to 
estimate 
the Ice requirements 
for a particular 
design. 


ENDURANCE CHARACTERISTICS 


The 
PALCE20V8 
is manufactured 
using 
AMD's 
ad- 
vanced 
electrically 
erasable 
process. 
This technology 


uses an EE cell to replace the fuse link used in bipolar 


Endurance Characteristics 


parts. 
As 
a result, 
the 
device 
can 
be 
erased 
and 
reprogrammed-a 
featu re which allows 100% testing at 


the 
factory. 


Symbol 
Parameter 
Test Conditions 
Min 
Unit 


Max Storage 
10 
Years 


Temperature 


DR 
Min Pattern Data Retention Time 
Max Operating 
20 
Years 


Temperature 


N 
Min Reprogramming Cycles 
Normal Programming 
100 
Cycles 


Conditions 


ESD 
ProgramNerify 


Protection 
Circuitry 


Preload 
Circuitry 
Feedback 
Input 
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ROBUSTNESS FEATURES 


The PALCE20V8X-x/5 
have some unique features 
that 
mak~ them extremely 
robust, especially when operating 


in high-speed 
design environments. 
Pull-up resistors on 


inputs and I/O pins cause unconnected 
pins to default to 


a known 
state. 
Input clamping 
circuitry 
limits negative 


overshoot, 
eliminating 
the possibility 
of false 
clocking 


caused 
by subsequent 
ringing. 
A special 
noise filter 


makes the programming 
circuitry completely 
insensitive 


to any positive overshoot 
that has a pulse width of less 


than about 100 ns for the /5 versions. 


Selected /4 devices are also being retrofitted 
with these 


robustness 
features. 
See the chart 
below 
for device 


listings. 


INPUT/OUTPUT 
EQUIVALENT SCHEMATICS FOR /5 VERSION 


AND SELECTED /4 VERSIONS· 


ESD 
Protection 
and 
Clamping 


I 
I 
I 
I 
I 
I P 
. 
I 
rogrammlng 
= 
L'2n~~!r 
_ 


Provides ESD 
Protection and 
Clamping 


Device 
Rev letter 


PALCE20V8H-10 
K 


PALCE20V8H-15 
K,J 


PALCE20V8Q-15 
J 


PALCE20V8H-25 
J 


PALCE20V8Q-25 
J 


Preload 
Feedback 


Circuitry 
Input 


Topside Marking: 


AMO CMOS PLO's are marked on top of the package in the 
following manner: 


PALCEXXXX 
Oatecode (3 numbers) Lot 10 (4 characters)- -(Rev Letter) 


The Lot 10 and Rev Letter are separated by two spaces. 


P~WER-UP 
RESET 


Thf 
PALCE20V8 
has been designed 
with the capability 


to ~set 
during 
system 
power-up. 
Following 
power-up, 
all lip-flops will be reset to LOW. The output state will be 
HI ' H independent 
ofthe 
logic polarity. This feature pro- 


vid 
s extra flexibility 
to the designer 
and is especially 


valuable 
in simplifying 
state 
machine 
initialization. 
A 


tillling 
diagram 
and parameter 
table are shown below. 
Due to the synchronous 
operation 
of the power-up 
reset 


and the wide range of ways 
Vcc can rise to its steady 


state, 
two 
conditions 
are 
required 
to 
insure 
a valid 


power-up 
reset. These conditions 
are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOW to HIGH until all applicable 
input and 


feedback 
setup times are met. 


P!rameter 
Parameter Description 
Symbol 
Mln 
Max 
Unit 


I tPR 
Power-Up Reset Time 
1000 
ns 


ts 
Input or Feedback Setup Time 
See Switching 


I twL 
Clock Width LOW 
Characteristics 


I 


Registered 
Output 


TYPICAL THERMAL CHARACTERISTICS 


14 Devices (PALCE20V8H-10/4) 
Measured 
at 25°C ambient. 
These parameters 
are not tested. 


Parameter 
Typ. 


S¥mbol 
Parameter Description 
SKINNYDIP 
PLCC 
Unit 


Sjc 
Thermal impedance, junction to case 
19 
19 
·CIW 


Sja 
Thermal impedance, junction to ambient 
73 
55 
·CIW 


Sjma 
Thermal impedance, junction to 
200 IIpm air 
61 
45 
·CIW 
ambient with air Ilow 
400 IIpm air 
53 
41 
·CIW 


600 IIpm air 
50 
38 
·CIW 


800 IIpm air 
47 
36 
·CIW 


15 ~evices (PALCE20V8H-7/5) 
Measured 
at 25°C ambient. 
These parameters 
are not tested. 


Parameter 
Typ. 


Symbol 
Parameter Description 
SKINNYDIP 
PLCC 
Unit 


Sjc 
Thermal impedance, junction to case 
18 
16 
·CIW 


Sja 
Thermal impedance, junction to ambient 
69 
51 
·CIW 


Sjma 
Thermal impedance, junction to 
200 IIpm air 
60 
42 
·CIW 
ambient with air Ilow 
400 IIpm air 
54 
37 
·CIW 


600 IIpm air 
50 
36 
·CIW 


800 IIpm air 
X 
X 
·CIW 


Plastic SJcConsiderations 
The data listed for plastic Sjc are for reference only and are not recommended for use in calculating junction temperatures. 
The 
heat-flow paths in plastic·encapsulated devices are complex, making the Sjc measurement relative to a specific location on the 
pack~ge surface. 
Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of 
the package. Furthermore, Sjc tests on packages are performed in a constant-temperature bath, keeping the package surface at 
a constant temperature. 
Therefore, the measurements can only be used in a similar environment. 
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~ 
Advanced 
Micro 
Devices 
PALCE20RA10H-20 


I 
DISTINCTIVE CHARACTERISTICS 


• 
Low power at 90 mA lee 
• 
As fast as 20 ns maximum propagation delay 
ard 37 MHz fMAX(external) 


• 
I"!divldually programmable asynchronous 
clock, preset, reset, and enable 


• 
Registered or combinatorial 
outputs 


• 
Programmable polarity 


• 
Programmable replacement for high-speed 
CMOS or TTL log ic 


• 
TIL-Ievel 
register preload for testability 


• 
Extensive third-party 
software and programmer 


support through FusionPLD partners 


• 
24-pln SKINNYDIP and 28-pln PLCC packages 
save space 


GE~ERAL DESCRIPTION 


The PALCE20RA10 
is an advanced 
PAL device 
built 


with 
low-power, 
high-speed, 
electrically-erasable 


CMOS 
technology. 
The 
PALCE20RA10 
offers 
asyn- 
chronous 
clocking for each of the ten flip-flops 
in the de- 
vice. The ten macrocells 
feature 
programmable 
clock, 
pres~t, 
reset, 
and 
enable, 
and 
all 
can 
operate 


asynchronously 
to other macrocells 
in the same device. 
The PALCE20RA10 
also has flip-flop 
bypass, 
allowing 


any 
combination 
of 
registered 
and 
combinatorial 


outputs. 


The rALCE20RA10 
utilizes 
the familiar 
sum-of-prod- 
ucts 
AND/OR) 
architecture 
that allows users to imple- 
ment 
complex 
logic 
functions 
easily 
and 
efficiently. 
Multple 
levels of combinatorial 
logic can always be re- 
duced to sum-of-products 
form, taking advantage 
of the 


very wide 
input gates 
available 
in PAL devices. 
The 


equations 
are 
programmed 
into 
the 
device 
through 


floating-gate 
cells 
in the AND 
logic array that can be 


erased electrically. 


AMD's 
FusionPLD 
program 
allows PALCE20RA10 
de- 


signs to be implemented 
using a wide variety of popular 


industry-standard 
design tools. By working 
closely with 


the FusionPLD 
partners, 
AMD certifies 
that the tools 


provide accu rate, quality support. 
By ensu ring that third- 


party tools are available, 
costs are lowered 
because 
a 


designer 
does not have to buy a complete 
set of new 


tools 
for each 
device. 
The 
FusionPLD 
program 
also 


greatly reduces design time since a designer 
can use a 
tool that is already installed and familiar. 
Please refer to 
the PLD Software 
reference 
guide for certified develop- 


ment systems 
and the Programmer 
reference 
guide for 


approved 
programmers. 
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CONNECTION 
DIAGRAMS 


Tdp View 


SKINNYDIP/FLATPACK 
PLCC 


u 
~ 
'" 
-= I~ u u 
~ 
J:J 
Z > 


PL 
Vcc 


10 
1/0g 


h 
I/0a 
12 
I~ 


12 
1107 
13 
1106 


13 
liDs 
14 
1105 


14 
1/05 
NC 
NC 


15 
1/04 
15 
1/04 


16 
1103 
16 
1103 
17 
1102 
1102 
la 
1/0, 


17 


19 
1/00 


.!!' 
..!Z' a u I~ 


0 g- 
GND 
OE 
z 
Z 
~ 
t? 


154340-2 
154340-3 


Note: 
Pin 1 is marked for orientation. 


PIN DESIGNATIONS 


GND 
Ground 
I 
Input 
I/O 
InpuUOutput 
NC 


1 
No Connect 
DE 
Output 
Enable 
PL 
Preload 


Vcc 
Supply Voltage 


ORpERING 
INFORMATION 


Commercial and Industrial Products 
AMd programmable logic products for commercial applications are available with several ordering options. The order number 
(valif 
Combination) is formed by a combination of: 


TECHNOLOGY 
l 


E 
= CMOS Electrically Erasable 


UMBER OF 
--------~ 


RRAYINPUTS 


OUTPUT TYPE 
PIA 
= 
Registered Asynchronous 


H -20 P 
CL 
OPERATING CONDITIONS 
I 
= Industrial (-40°C to +85°C) 


C = Ccmmercial (O°Cto +75°C) 


AMILYTYPE 
RAL = 
Programmable Array Logic 


PAL CE 
20 
RA 10 
_T- -~-- 


PACKAGE TYPE 
P = 24-Pin 300-mil Plastic 


SKINNYDIP (PD3024) 


J 
= 28-Pin Plastic Leaded 


Chip Carrier (PL 028) 
NUMBER OF OUTPUTS 
JOWER 
1= Ha~ Power (lee = 90 mAl 


~EED 
-r0 = 20 ns tPD 


Valid Combinations 


Valid Ccmbinations lists configurations planned 
to be supported in volume for this device. Ccnsult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


FUNCTIONAL 
DESCRIPTION 


The PALCE20RA10 
has ten dedicated 
input lines and 


ten 
programmable 
1/0 
macrocells. 
The 
Registered 
Asynchronous 
(RA) macrocell 
is shown in Figure 1. Pin 


1 serves as global register preload and pin 13 serves as 
global output 
enable. 
Programmable 
output 
polarity 
is 
available 
to provide 
w:er-programmable 
output polarity 


for each individual 
macrocell. 


The programmable 
functions 
in the PALCE20RA 
10 are 
aut?matically 
configured 
from the user's design spe~ifi- 
catien, which can be in a number of formats. The deSign 
specification 
is processed 
by development 
software 
to 
verify the design 
and create 
a programming 
file. This 
file, once downloaded 
to a programmer, 
configures 
the 
device according 
to the user's desired function. 


Programmable 
Preset and Reset 


In each macrocell, 
two product 
lines are dedicated 
to 
asynchronous 
preset 
and asynchronous 
reset. 
If the 
preset product 
line is HIGH, the Q output of the register 
becomes 
a logic 1 and the output pin will be a logic O. If 
the ~eset product 
line is HIGH, the Q output of the regis- 
ter becomes 
a logic 0 and the output pin will be logic 1. 
The operation 
of the programmable 
preset 
and reset 
ove~rides the clock. 


Combinatorial/Registered 
Outputs 


If both the preset and reset product 
lines are HIGH, the 
f1ip-(lop is bypassed 
and the output becomes 
combina- 
torial. Otherwise, 
the output 
is from the register. 
Each 
output 
can 
be 
configured 
to 
be 
combinatorial 
or 
registered. 


Programmable Clock 


The clock 
input to each flip-flop 
comes 
from the pro- 
grammable 
array, 
allowing 
any flip-flop 
to be clocked 
independently 
if desired. 


Reglsterecl!Active High 
Combinatorial/Active High 


154340-6 


Three-State Outputs 


The devices 
provide 
a product 
term dedicated 
to local 


output control. 
There is also a global output control pin. 
The output 
is enabled 
if both the global output control 


pin is LOW and the local output control product term is 
HIGH. If the global output control pin is HIGH, all outputs 
will be disabled. 
If the local output control product term is 


LOW, then that output will be disabled. 


Security Bit 


A security 
bit is also provided 
to prevent 
unauthorized 


copying 
of PAL device 
patterns. 
Once the bit is pro- 


grarrmed, 
the circuitry 
enabling 
verification 
is perma- 
nently disabled, 
and the array will read as if every bit is 


programmed. 
With verification 
not operating, 
it is impos- 
sible to simply copy the PAL device pattern on a PAL de- 
vice programmer. 
The security bit can only be erased in 


conjunction 
with the entire pattern. 


Prdgrammable 
Polarity 


The outputs 
can be programmed 
either active-LOW 
or 


active-HIGH. 
This is represented 
by the Exclusive-OR 


gate shown in the PALCE20RA 
10 logic diagram. 
When 


the output polarity bit is programmed, 
the lower input to 


the Exclusive-OR 
gate is HIGH, so the output is active- 
HIGH. 
Similarly 
when 
the 
output 
polarity 
bit 
is 


unprogrammed, 
the 
output 
is active-LOW. 
The 
pro- 
grammable 
output 
polarity 
feature 
allows 
the user a 


higher degree of flexibility 
when writing equations. 


Programming and Erasing 


The PALCE20RA 
10 can be programmed 
on standard 


logic programmers. 
It also may be erased to reset a pre- 
viously 
configured 
device 
back to its virgin state. Era- 


sure 
is automatically 
performed 
by the programming 


hardware. 
No special erase operation 
is required. 


Register Preload 


The register 
on the PALCE20RA10 
can be pre loaded 


from the output 
pins to facilitate 
functional 
testing 
of 


complex 
state machine 
designs. 
This feature 
allows di- 


rect loading of arbitrary states, making it unnecessary 
to 


cycle through long test vector sequences 
to reach a de- 


sired state. 
In addition, 
transistions 
from 
illegal states 


can be verified 
by loading 
illegal states and observing 


proper 
recovery. 
Register 
preload 
is controlled 
by a 


TIL-Ievel 
signal, making it a convenient 
board-level 
in- 


itialization 
function. 


Power-Up Reset 


All flip-flops 
power 
up to a logic LOW for predictable 


system 
initialization. 
Registered 
outputs 
of 
the 


PALCE20RA 
10 will be HIGH due to the output inverter. 


The state of combinatorial 
outputs will be a function 
of 


the logic. 


Quality and Testability 


The PALCE20RA10 
offers 
a very high level of built-in 


quality. The erasability 
of the device 
provides 
a means 


of verifying 
performance 
of all AC and DC parameters. 


In addition, 
this verifies 
complete 
programmability 
and 


functionality 
of the device 
to provide 
the highest 
pro- 


gramming 
yields 
and 
post-programming 
functional 


yields in the industry. 


Technology 


The high-speed 
PALCE20RA10H-20 
is fabricated 
with 


AMD's advanced 
electrically 
erasable 
(EE) CMOS proc- 


ess. The array connections 
are formed with proven 
EE 


cells. Inputs and outputs are designed 
to be compatible 


with TIL 
devices. This technology 
provides 
strong input 


clamp diodes, output slew-rate 
control, 
and a grounded 


substrate 
for clean switching. 
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ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage 
with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage 
-0.5 
V to Vcc + 0.5 V 


(Except 
Pin 5) 


DC Input Voltage 
(Pin 5) 
-0.6 
V to +11.0 V 


DC Output or I/O Pin 
Voltage 
-0.5 
V to Vcc + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Latchup Current 


(Tc = -40°C 
to +85°C) 
. . . . . . . . . . . . . . . . .. 
100 mA 


Str~sses above those listed under Absolute Maximum Rat- 
ing~ may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mUl~ Ratings for extended periods may affect device reliabil- 
ity. rrogramming 
conditions may differ. 


OPERATING 
RANGES 


Commercial 
(C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vcc) 
with Respect to Ground 
+4.75 V to +5.25 V 


Industrial 
(I) Devices 


Operating 
Case 
-40°C 
to +85°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.5 V to +5.5 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
and INDUSTRIAL 
operating 
ranges 
unless 
otherwise 
specified 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Min 
Max 
Unit 


VOH 
Output HIGH Voltage 
IOH=-3.2 
mA 
VIN= VIHor VIL 
2.4 
V 


Vcc = Min 


VOL 
Output LOW Voltage 
IOL= 8 mAVIN = VIHor VIL 
0.4 
V 


Vcc = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 
Voltage for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 
Voltage for all Inputs (Note 1) 


IIH 
Input HIGH Leakage Current 
VIN= 5.5 V, Vcc = Max (Note 2) 
10 
~ 
ilL 
Input LOW Leakage Current 
VIN= 0 V, Vcc = Max (Note 2) 
-100 
~ 


IOZH 
Off-State Output Leakage 
VOUT= 5.5 V, Vcc = Max 
10 
~ 
Current HIGH 
VIN= VILor VIH(Note 2) 


IOZL 
Off·State Output Leakage 
VOUT= 0 V, Vcc = Max 
-100 
~ 
Current LOW 
VIN= VILor VIH(Note 2) 


Isc 
Output Short-Circuit Current 
VOUT= 0.5 V, Vcc = Max (Note 3) 
-30 
-150 
mA 


Icc 
Supply Current 
VIN= 0 V, Outputs Open 
I COM'L 
90 
mA 
Vcc = Max 
(lOUT= 0 mAl 
IINO 
130 
mA 


Notes: 


1. 
These are absolute values with respect to device ground and aJlovershoots due to system and/or tester noise are included. 


2. 
//0 pin leakage is the worst case of ilL and IOZL (or !JH and IOZH). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT= 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Un" 


CIN 
Input Capacitance 
I Inputs 
VIN= 2.0 V 
Vcc = 5.0 V 
5 


IOE 
TA = +25°C 
9 
pF 


ICoUT 
Output Capacitance 
VOUT= 2.0 V 
f = 1 MHz 
8 


Note: 


1. ITheseparameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


S'1ITCHING 
CHARACTERISTICS 
over COMMERCIAL 
and INDUSTRIAL 
operating 
ranges 
(N~te 2) 


·20 


Parameter 
Min 


Symbol 
Parameter Description 
(Note 3) 
Max 
Un" 


tPD 
Input or Feedback to Combinatorial Output 
20 
ns 


ts 
Setup Time from Input, Feedback or SP to Clock 
7 
ns 


tH 
Hold Time 
4 
ns 


tco 
Clock to Output or Feedback 
20 
ns 


tAp 
Asynchronous Preset to Registered Output 
20 
ns 


tApw 
Asynchronous Preset Width 
12 
ns 


ItAPR 
Asynchronous Preset Recovery Time (Note 4) 
12 
ns 


tAR 
Asynchronous Reset to Registered Output 
20 
ns 


tARW 
Asynchronous Reset Width 
12 
ns 


tARR 
Asynchronous Reset Recovery Time (Note 4) 
12 
ns 


I twL 
LOW 
t2 
ns 
Clock Width 
twH 
HIGH 
12 
ns 


Maximum 
External Feedback 
11/{ts + tco) 
37 
MHz 
fMAX 
Frequency 
(NoteS) 
No Feedback 
11I{twH + tWL) 
41.6 
MHz 


tpzx 
OE to Output Enable 
15 
ns 


tpxz 
OE to Output Disable 
15 
ns 


tEA 
Input to Output Enable Using Product Term Control 
20 
ns 


tER 
Input to Output Disable Using Product Term Control 
20 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
o/ufput delay minimums are measured under best-case conditions. 


4. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 


5. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where the frequency may be affected. 
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SWITCHING WAVEFORMS 


Input or 
Feedback 
Input or 


Feedback 


Combinatorial 


Output 


Registered 
Output 
_ 


Input 
Asserting 
Asynchronous 


I 
Preset 


Registered 
Output 


Input 


Asserting 
Asynchronous 
Reset 


Registered 


Output 


Input or 
DE 


Feedback 


tER 
tPXl 
tPlX 


tEA 


Output 
VT 
Output 
VT 


Notes: 


1. 
VT= 1.5 V 


2. 
Input pulse amplitude 0 V to 3.0 V 


3. 
Input rise and fall times 2 ns - 5 ns typical. 


\\\\\ 


/7777 


Must be 
Steady 


May 
Change 
from 
H to L 


May 
Change 
from 
L to H 


Will be 
Steady 


Will be 
Changing 
from 
H to L 


Will be 
Changing 
from 
L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off" State 


KSOOOO10-PAL 


S~ITCHING TEST CIRCUIT 


Don't 
Care, 
Any Change 
Permitted 


Does 
Not 


Apply 


Commercial 


Measured 


Specification 
S1 
CL 
R1 
R2 
Output 
Value 


tPD, tco 
Closed 
1.5 V 


tPlX, tEA 
Z-. 
H: Open 
50 pF 
1.5 V 
Z -. 
L: Closed 
5600 
1.1 kO 


tpxz, tER 
H -.Z: 
Open 
5 pF 
H -.Z: 
VQH- 0.5 V 


L -. Z: Closed 
L -.Z: 
VOL+ 0.5 V 


~ 
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EN~URANCE 
CHARACTERISTICS 


The !"ALCE20RA10 
is manufactured 
using AMD's 
ad- 


vancF.d Electrically 
Erasable 
process. 
This technology 


usesl an EE cell to replace the fuse link used in bipolar 


parts. 
As 
a result, 
the 
device 
can 
be 
erased 
and 


reprogrammed-a 
feature which allows 100% testing at 


the factory. 


Syn!bOI 
Parameter 
Test 
Conditions 
Mln 
Unit 


tdR 
Min Pattern Data Retention Time 
Max Storage Temperature 
10 
Years 


Max Operating Temperature 
20 
Years 


N 
Min Reprogramming Cycles 
Normal Programming Conditions 
100 
Cycles 


Ro~ustness 


The PALCE20RA 
1OH-20 has been designed 
with some 


uniqI,Je features 
that 
make 
it extremely 
robust, 
even 


when 
operating 
in high-speed 
design 
environments. 


Pull-Lp 
resistors 
on the inputs and II0s cause 
uncon- 


nect 
d pins to default to the HIGH state. Input-clamping 


circuitry limits negative overshoot, 
eliminating 
the possi- 


bility of false clocking 
caused 
by subsequent 
ringing. A 


special 
noise 
filter 
makes 
the 
programming 
circuitry 


completely 
insensitive 
to any positive 
overshoot 
that 


has a pulse width of less than about 100 ns. 


ESD 
Protection 
and 
Clamping 


I 
I 
I 
I 
I 
I P 
. 
I 
rogrammlng 
= 
L'2n~~~ 
_ 


Provides ESD 
Protection and 
Clamping 


Preload 
Feedback 


Circuitry 
Input 


POWER-UP RESET 


The PALCE20RA1 
0 has been designed 
with the capa- 
bility to reset during system power-up. 
Following power- 
up, all flip-flops 
will be reset to LOW. The output state 


will pe HIGH independent 
of the logic polarity. This fea- 
ture provides 
extra flexibility to the designer and is espe- 
cially valuable 
in simplifying 
state machine 
initialization. 
A timing diagram 
and parameter 
table are shown below. 
Due to the synchronous 
operation 
of the power-up 
reset 


and the wide range of ways Vcc can rise to its steady 
state, 
two 
conditions 
are required 
to ensure 
a valid 


power-up 
reset. These conditions 
are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOW to HIGH until all applicable 
input and 


feedback 
setup times are met. 


Pdrameter 
Symbol 
Parameter Descriptions 
Max 
Unit 


tPA 
Power-Up Reset Time 
1000 
ns 


ts 
Input or Feedback Setup Time 
See Switching Characteristics 
tWL 
Clock Width LOW 


Registered 
Output 
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_COM'L 


AmPAL22P10B/AL/A 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
As fast as 15 ns maximum propagation delay 


• 
Universal combinatorial 
architecture 


• 
Programmable output polarity 
• 
Programmable 
replacement for high-speed 
TTL logic 


• 
Extensive third-party 
software and 


programmer support through FusionPLD 
partners 
• 
24-pln SKINNYDIP and 28-pln PLCC packages 
save space 


GE~ERAL 
DESCRIPTION 


The AmPAL22P10 
utilizes 
Advanced 
Micro 
Devices' 
advfnced 
oxide-isolated 
bipolar 
process 
and fuse-link 
technology. 
The devices 
provide 
user-programmable 
logi~ for replacing 
conventional 
SSI/MSI 
gates and flip- 
flops at a reduced 
chip count. 


The AmPAL22P1 
0 allows the systems 
engineer 
to im- 
plement 
the design 
on-chip, 
by opening 
fuse links to 


configure 
AND and OR gates within the device, accord- 


ing to the desired 
logic function. 
Complex 
interconnec- 
tions 
between 
gates, 
which 
previously 
required 
time-consuming 
layout, are lifted from the PC board and 
placed on silicon, where they can be easily modified dur- 
ing prototyping 
or production. 


The!PAL 
device 
implements 
the familiar 
Boolean 
logic 
tran~fer function, 
the sum of products. 
The PAL device 


is a programmable 
AND array driving a fixed OR array. 


The AND array is programmed 
to create custom product 
terms, while the OR array sums selected 
terms at the 


outputs. 
In addition, the PAL device provides 
the follow- 


ing options: 


- 
Variable 
inpuVoutput 
pin ratio 


- 
Programmable 
three-state 
outputs 


Product terms with all fuses opened 
assume the logical 


HIGH state; product 
terms connected 
to both true and 
complement 
of any single input assume the logical LOW 


state. Unused 
input pins should be tied to Vcc or GND. 


The 
entire 
PAL 
device 
family 
is supported 
by 
the 


FusionPLD 
partners. The PAL family is programmed 
on 
conventional 
PAL device programmers 
with appropriate 


personality 
and socket adapter 
modules. 
See the Pro- 


grammer 
Reference 
Guide for approved 
programmers. 


Once the PAL device is programmed 
and verified an ad- 


ditional fuse may be opened to prevent pattern readout. 
This feature 
secures 
proprietary 
circuits. 


AmPAL22P10 


Inputs 


PUblif"lion# 
12984 
Rev. E 
AmendmentiO 


Issue Dale: 
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PRODUCT SELECTOR GUIDE 


tPD 
Ice 
lot. 


Family 
ns (Max) 
mA(Max) 
mA(Mln) 


Very High Speed 
15 
210 
24 
("61 Versions 


High Speed 
25 
210 
24 
("A") Versions 


High Speed, 
Half Power 
25 
105 
24 
("AL1 Versions 


CONNECTION 
DIAGRAMS 


Top View 


SKINNYDIP 


1- 
24 
Vcc 


2 
23 
1/0 


3 
22 
1/0 


4 
21 
1/0 


5 
20 
1/0 


6 
19 
1/0 


7 
18 
1/0 


8 
17 
1/0 


9 
16 
1/0 


10 
15 
1/0 


I 
11 
14 
1/0 


GND 
12 
13 


PLCC 


() 
u 
~ ~ 
u 
Z > 


110 


I 
1/0 


I 


NC 


I 


110 


110 


0 
() 
~ ~ 
z z 
" 


12984E-3 


Note: 
Pin 1is marked for orientation 


PINI DESIGNATIONS 
GND 
Ground 
I 
I 
Input 
I/O 
InpuUOutput 
NC 
No Connect 
Vcc 
SupplyVoltage 


O~DERING INFORMATION 


Commercial 
Products 


AMD~ 


AM£?programmable logic products for commercial applications are available with several ordering options. The order number 
(Vard Combination) is formed by a combination of: 


FAMILY TYPE 
AmPAL = Programmable Array Logic 


AmPAL 
22J 


NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
P = Programmable Polarity 
L OPTIONAL PROCESSING 


Blank = Standard Processing 


NUMBER OF OUTPUTS 


SPEED 


B = 15 ns tPD 
A = 25 ns tPD 


OPERATING CONDITIONS 
C = Commercial (OOCto +75°C) 


POWER 
L = Low Power (105 mA Ice) 
Blank 
= Full Power (210 mA Ice) 


PACKAGE TYPE 
P = 24-Pin 300 mil Plastic 


SKINNYDIP (PD3024) 


J 
= 28-Pin Plastic Leaded 


Chip Carrier (PL 028) 


D = 24-Pin 300 mil Ceramic 


SKINNYDIP (CD3024) 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, 
and to check on 


newly released combinations. 
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FUNCTIONAL 
DESCRIPTION 


All parts are produced 
with a fuse link at each input to the 


AND gate array, and connections 
may be selectiv~ly 
r~- 
moved 
by applying 
appropriate 
voltages 
to the circuit. 
Utilizing 
an 
easily-implemented 
programming 
algo- 


rithm, these products can be rapidly programmed 
to any 


customized 
pattern. 
Information 
on approved 
program- 


mers can be found in the Programmer 
Reference Guide. 
Extra test words are pre-programmed 
during manufac- 


turing 
to 
ensure 
extremely 
high 
field 
programming 


yields, and provide 
extra test paths to achieve excellent 


parametric 
correlation. 


Variable Input/Output 
Pin Ratio 


The AmPAL22P10 
has twelve 
dedicated 
input 
lines, 
and all ten combinatorial 
outputs are I/O pins. Buffers for 


device 
inputs have complementary 
outputs 
to pr~vide 


user-programmable 
input signal polarity. 
Unused 
Input 


Pinj should be tied to Vcc or GND. 


Prqgrammable Three-State Outputs 


Each output has a three-state 
output buffer with three- 


state control. 
A product 
term controls 
the buffer, allow- 


ing llnable 
and disable to be a function of any pr~duct .of 


device 
inputs 
or output 
feedback. 
The comblnatonal 


output provides 
a bidirectional 
I/O pin, and may be con- 
figured 
as a dedicated 
input if the buffer is always dis- 


abled. 


Programmable 
Polarity 


The polarity of each output can be active-high 
or active- 


low, either to match 
output 
signal 
needs 
or to reduce 


product 
terms. 
Programmable 
polarity 
allows Boolean 


expressions 
to be written 
in their most compact 
form 


(true or inverted), 
and the output can still be of the de- 


sired polarity. 
It can also save "DeMorganizing" 
efforts. 


Selection 
is through 
a programmable 
fuse which 
con- 


trols an exclusive-OR 
gate at the output of the AND/OR 


logic. The output 
is active 
high 
if the fuse 
is 1 (pro- 


grammed) 
and active low if the fuse is 0 (intact). 


security Fuse 


After programming 
and verification, 
an AmPAL22P10 


design 
can be secured 
by programming 
the security 


fuse. Once programmed, 
this fuse defeats 
read back of 


the internal 
programmed 
pattern 
by a device 
program- 


mer, 
securing 
proprietary 
designs 
from 
competitor~. 


When the security 
fuse is programmed, 
the array Will 


read as if every fuse is programmed. 


Quality and Testability 


The AmPAL22P10 
offers 
a very 
high level of built-in 


quality. 
Extra programmable 
fuses provide 
a means of 


verifying 
performance 
of all AC and DC parameters. 
In 


addition, 
this 
verifies 
complete 
programmability 
and 


functionality 
of the device 
to provide 
the highest 
pro- 


gramming 
yields 
and 
post-programming 
functional 


yields in the industry. 


Technology 


The AmPAL22P10 
is fabricated 
with AMD's 
advanced 


oxide-isolated 
bipolar 
process. 
This 
process 
reduces 


parasitic capacitances 
and minimum 
geometries 
to pro- 


vide 
higher 
performance. 
The 
array 
connections 
are 


formed with proven 
PtSi fuses for reliable operation. 
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ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
With Power Applied 
.......•..... 
-55°C 
to +125°C 


Supply Voltage 
with 
Respect to Ground 
..........•.. 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . . . . . .. 
-0.5 
V to +5.5 V 


DC Input Current. 
. . . . . . . . . . . .. 
-30 
mA to +5 mA 


DC I/O Pin Voltage 
-0.5 
V to Vcc Max 


Static Discharge 
Voltage 
2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi· 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING 
RANGES 
Commercial (C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vcc) 
with Respect to Ground 
..... 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func· 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless 
otherwise 
specified 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Min 
Max 
Unit 


VOH 
Output HIGH Vo~age 
10H= -3.2 mA 
VIN= VIHor VIL 
2.4 
V 


Vce = Min 


VOL 
Output LOW Vo~age 
IOL= 24 mA 
VIN= VIHor VIL 
0.5 
V 


Vcc = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HiGH 
2.0 
5.5 
V 


Vo~age for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Vo~age for all Inputs (Note 1) 


VI 
Input Clamp Voltage 
IIN=-18 mA, Vce = Min 
-1.2 
V 


IIH 
Input HIGH Current 
VIN= 2.7 V, Vce= Max (Note 2) 
25 
IlA 


IlL 
input LOW Current 
VIN= 0.4 V, Vce= Max (Note 2) 
-100 
IlA 


Ii 
Maximum Input Current 
VIN= 5.5 V, Vce= Max 
1 
mA 


10ZH 
Off-State Output Leakage 
VOUT=2.7 V, Vce= Max 
100 
IlA 
Current HIGH 
VIN= VIHor VIL(Note 2) 


10zL 
Off·State Output Leakage 
VOUT= 0.4 V, Vcc = Max 
-100 
IlA 
Current LOW 
VIN= VIHor VIL(Note 2) 


Isc 
Output Short-Circuit Current 
VOUT= 0.5 V, Vce= Max (Note 3) 
-30 
-90 
mA 


Ice 
Supply Current 
VIN= 0 V, Outputs Open 
B,A 
210 
mA 
(louT= 0 mAl 
Vcc = Max 
AL 
105 
mA 


Notes: 


1. 
These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


2. 
110pin leakage is the worst case of !JL and IOZL (or liH and IOZH). 


3. 
Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 


VOUT= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


C~PACITANCE (Note 1) 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capachance 
I Pins 1 13 
VIN= 2.0 V 
Vcc =5.0 V 
11 


I 
Others 
TA = +25°C 
6 
pF 
GoUT 
Output Capacitance 
VOUT= 2.0 V 
f= 1 MHz 
9 


Nott: 
1. fhese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


P~ameter 
B 
A,AL 
Symbol 
Parameter Description 
Mln 
Max 
Mln 
Max 
Unit 


tPD 
Input or Feedback to Combinatorial Output 
15 
25 
ns 


tEA 
Input to Output Enable Using Product Term Control 
18 
25 
ns 


I tEA 
Input to Output Disable Using Product Term Control 
15 
25 
ns 


Notf: 
2. 
See Switching Test Circuit for test conditions. 


Input or 
f 
Feedback 
VT 
====~~~~~: 
__ 
~tPD 
-V-T--- 
Combinatorial 
Output 
_ 
Combinatorial 
Output 


12984E-6 


Input to Output Disable/Enable 


Notps: 
1. VT= 1.5 V 


2. 
Input pulse amplitude 0 V to 3.0 V 


3. 
Input rise and fall times 2 ns-5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 


\\\\\ 
///0 


Must be 
Steady 


May 
Change 
from Hto L 


May 
Change 
from L to H 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from Lto H 


Changing, 
State 
Unknown 


Center 
Line is High· 
Impedance 
"Off" State 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


Measured 


Specification 
5, 
CL 
R, 
R2 
Output Value 


tPD 
Closed 
1.5V 


tEA 
Z-. 
H: Open 
50 pF 
1.5 V 


Z -. L: Closed 
2000 
3900 


tER 
H -.Z: 
Open 
5 pF 
H -.Z; 
VOH - 0.5 V 


L -. Z: Closed 
L -.Z: 
VOL + 0.5 V 


Input, 


110 
Pins 


AMD~ 


ProgramNerily1 


Test Circuitry 


ProgramNerily 
Circuitry 
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PAL22V10 Family, AmPAL22V10/A 


24-Pin TTL Versatile 
PAL Device 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
As fast as 7.5 ns propagation 
delay and 


91 MHz fMAx (external) 
• 
10 Macrocells programmable 
as registered or 


combinatorial, 
and active high or active low to 


~atch application 
needs 
• 
Varied product term distribution 
allows up to 


16 product terms per output for complex 
functions 


• 
Global asynchronous 
reset and synchronous 


preset for Initialization 
• 
Power-up reset for Initialization 
and register 


preload for testability 
• 
Extensive third-party 
software and programmer 


support through FusionPLD partners 


• 
24-Pln SKINNYDIP, 24-pln Flatpack and 
28-pln PLCC and LCC packages save space 


GE~ERAL DESCRIPTION 


The FAL22V10 provides user-programmable logic for 
replacing conventional SSI/MSI gates and flip-flops at a 
reduied chip count. 


The PAL22V10 device implements the familiar Boolean 
logictransfer function, the sum of products. The PALde- 
vice is a programmable AND array driving a fixed OR 
array. The AND array is programmed to create custom 
product terms, while the OR array sums selected terms 
at the outputs. 


The product terms are connected to the fixed OR array 
with a varied distribution from 8 to 16across the outputs 
(see Block Diagram). The OR sum oft heproductsfeeds 
the output macrocell. Each macrocell can be pro- 
grammed as registered or combinatorial, and active 
high 
or 
active 
low. 
The 
output 
configuration 
is 


determined by two fuses controlling two multiplexers in 
each macrocell. 


AMD's FusionPLD program allows PAL22V10 designs 
to be implemented using awide variety of popular indus- 
try-standard design tools. By working closely with the 
FusionPLD partners, AMD certifies that the tools pro- 
vide accurate, quality support. By ensuring that third- 
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the PLD Software Reference Guide for certified devel- 
opment systems and the Programmer Reference Guide 
for approved programmers. 


Programmable 
AND Array 
(44 x 132) 


C~NNECTIONDIAGRAMS 
Top View 


ClKl\o 
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15 
vas 
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Not: 
Pin 1is marked 
for orientation. 


PIN DESIGNATIONS 


ClK 
Clock 


GND 
Ground 


I 
Input 


1/0 
Input/Output 


NC 
No Connect 


Vcc 
Supply Voltage 


PLCC/LCC 


~ 
() 
8 '"CD 
...J 
> ~ ~ 
~~ 
() z 


Ia 
25 
I~ 


I. 
24 
IlOe 


15 
23 
1105 


NC 
22 
NC 


Ie 
21 
110. 


17 
20 
IIOa 


Ie 
1102 


..9' 
0 
0 
() ':0 g- 
z z 
;::, 


C) 
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ORDERING INFORMATION 
co~merciai Products 
AMD wogrammable logic products for commercial applications are available w~h several ordering options. The order number 
(Valid Combination) is formed by a combination of: 


P Ct= 


OPTIONAL PROCESSING 
Blank - Standard Processing 


OPERATING CONDITIONS 
C = Commercial (O°Cto +75°C) 


FAMILY TYPE 
~AL or AmPAL - Programmable Array Logic 


t-IUMBEROF 
~RRAYINPUTS 


qUTPUTTYPE 
V - 
Versatile 


1UMBER OF OUTPUTS 


~PEED 
[7 = 7.5 ns tpo 
-PO= 10 nstpo 
-p5 = 15 ns tpo 
A=25 nstpo 


PAL 
T 


PACKAGE TYPE 
P = 24-Pin 300 mil Plastic SKINNYDIP 


(PD3024) 
J 
- 
28-Pin Plastic Leaded Chip Carrier 
(PL 028) 


Valid Combinations 


PAL22V10-7 


PAL22V10-10 


PAL22V10-15 
PC,JC 


AmPAL22V10A 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


ORDERING INFORMATION 
APL Products 


At.1Dprogrammable logic products for Aerospace and Defense applications are available w~h several ordering options. APL 
(AllProved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) 
is formed by a combination of: 


PAL 


FAMILY TYPE 
T 


PAL or AmPAL = Programmable Array Logic 


/B L A 


~ 


LEAD FINISH 
A = Hot Solder Dip 


PACKAGE TYPE 
L = 24-Pin 300 mil Ceramic 


SKINNYDIP (CD3024) 


K = 24-Pin Ceramic Flatpack 


(CFL024) 


3 = 28-Pin Ceramic Leadless 


Chip Carrier (CL 028) 


OUTPUT TYPE 
V - Versatile 


DEVICE CLASS 
IB = MIL-STD-883C Class B 


SPEED 


-12 - 12 ns tpo 
-20 = 20 ns tpo 
A - 30 nstpD 
Blank - 40 ns tPD 


Valid Combinations 


PAL22V10-12 


PAL22V10-20 
IBLA, IBKA, IB3A 


AmPAL22V10A 


AmPAL22V10 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 


I 
MIII~ry 
Burn-In 


Mil~ary burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. 
Test cond~ions are selected at AMD's option. 
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FUN1CTIONAL DESCRIPTION 


The ~AL22V1 0 allows the systems 
engineer 
to imple- 


ment 
he design on-chip, by opening fuse links to config- 
ure A 
D and OR gates within the device, 
according 
to 


the d sired 
logic function. 
Complex 
interconnections 


betwEfen 
gates, 
which 
previously 
required 
time- 
cons~ming 
layout, 
are lifted from 
the 
PC board 
and 


place~ on silicon, where they can be easily modified dur- 
ing prbtotyping 
or production. 


prodJct 
terms with all fuses opened assume the logical 


HIG~ 
state; product 
terms connected 
to both true and 


complement 
of any single input assume the logical LOW 


state'l 


The Ij'AL22V10 
has 12 inputs and 10 I/O macrocells. 
The ~acrocell 
(Figure 1) allows one of four potential out- 
put cpnfigurations; 
registered 
output 
or combinatorial 


I/O, aptive high or active low (see Figure 2). Theconfigu- 
rati01 choice 
is made 
according 
to the user's 
design 


1 
0 


1 
1 
0 
0 
0 
1 


SP 
S, 
So = 


specification 
and corresponding 
programming 
of the 


configuration 
bits So - S,. Multiplexer 
controls 
initially 


are connected 
to ground 
(0) through 
a programmable 


fuse, selecting the "0" path through the multiplexer. 
Pro- 


gramming 
the fuse 
disconnects 
the control 
line from 


GND and it is driven to a high level, selecting 
the "1" 


path. 


The device is produced 
with a fuse link at each input to 


the AN D gate array, and connections 
may be selectively 


removed by applying 
appropriate 
voltages 
to the circuit. 


Variable Input/Output Pin Ratio 


The PAL22V10 
has twelve 
dedicated 
input lines, and 


each macrocell 
output can be an I/O pin. Buffers for de- 


vice 
inputs 
have 
complementary 
outputs 
to provide 


user-programmable 
input signal polarity. 
Unused 
input 


pins should be tied to Vcc or GND. 


51 
So 
Output 
Configuration 


0 
0 
Registered/Active 
Low 


0 
1 
Reaistered/Active 
Hiah 


1 
0 
Combinatorial/Active 
Low 


1 
1 
Combinatorial/Active 
High 


o = Unprogrammed 
fuse 


1 = Programmed 
fuse 


Registered Output Configuration 


E~ch macrocell 
of the PAL22V1 0 includes aD-type 
flip- 
flo~ for data storage 
and synchronization. 
The flip-flop 


is loaded on the LOW-to-HIGH 
transition 
of the clock in- 


put. In the registered 
configuration 
(Sl = 0), the array 
feedback 
is from a of the flip-flop. 


Combinatorial 
I/O Configuration 


Any macrocell 
can be configured 
as combinatorial 
by 


selecting the multiplexer 
path that bypasses 
the flip-flop 


(Sl = 1). In the combinatorial 
configuration 
the feedback 
is from the pin. 


So = 0 
S1 =0 


So = 1 
Sl = 0 


So= 1 
S1 = 1 


Pr grammable Three-State Outputs 


Each output 
has a three-state 
output buffer with three- 
state control. 
A product 
term controls 
the buffer, allow- 


ing enable and disable to be a function of any product of 
deJice 
inputs 
or output 
feedback. 
The combinatorial 


output provides 
a bidirectional 
110 pin, and may be con- 
figured 
as a dedicated 
input if the buffer is always dis- 
abled. 


Programmable 
Output Polarity 


The polarity of each macrocell output can be active high 
or ~ctive low, either to match output signal needs or to 
reduce 
product 
terms. 
Programmable 
polarity 
allows 
Boolean expressions 
to be written in their most compact 


form (true or inverted), 
and the output can still be of the 


desired 
polarity. 
It can 
also 
save 
"DeMorganizing" 
effol1s. 


Selection 
is controlled 
by programmable 
bit So in the 


output macrocell, 
and affects both registered 
and com- 
bin~torial 
outputs. 
Selection 
is automatic, 
based on the 


design specification 
and pin definitions. 


Preset/Reset 


For initialization, 
the PAL22V10 
has Preset and Reset 


product terms. These terms are connected 
to all regis- 


tered 
outputs. 
When 
the 
Synchronous 
Preset 
(SP) 


product term is asserted high, the output registers will be 
loaded 
with a HIGH 
on the next LOW-to-HIGH 
clock 


transition. 
When the Asynchronous 
Reset (AR) product 


term is asserted 
high, the output registers will be imme- 


diately 
loaded with a LOW independent 
of the clock. 


Note that preset and reset control 
the flip-flop, 
not the 


output pin. The output level is determined 
by the output 


polarity selected. 


Power-Up Reset 


All flip-flops 
power-up 
to a logic LOW 
for predictable 


system 
initialization. 
Outputs 
of the PAL22V10 
will de- 


pend on the programmed 
output polarity. 
The Vcc rise 


must be monotonic 
and the reset delay time is 1000 ns 


maximum. 


Register Preload 


The register 
on the PAL22V10 
can be preloaded 
from 


the output pins to facilitate functional 
testing of complex 


state machine 
designs. 
This feature allows direct load- 


ing of arbitrary 
states, 
making 
it unnecessary 
to cycle 


thro~gh 
long test vector 
sequences 
to reach a desired 


stat?. In addition, 
transitions 
from illegal states can be 


veri\ied 
by loading 
illegal 
states and observing 
proper 


recovery. 


Security Fuse 


After programming 
and verification, 
a PAL22V1 0 design 


can be secured by programming 
the security fuse. Once 


programmed, 
this fuse defeats 
readback 
of the internal 


programmed 
pattern by a device programmer, 
securing 


proprietary 
designs 
from competitors. 
When the secu- 


rity fuse is programmed, 
the array will read as if every 


fuse is programmed, 
and preload will be disabled. 


Pr9gramming 


The PAL22V10 
can be programmed 
on standard 
logic 


programmers. 
Approved 
programmers 
are listed 
in the 


Programmer 
Reference 
Guide. 


Quality and Testability 


The PAL22V1 0 offers a very high level of built-in quality. 
Extra programmable 
fuses, test words and test columns 


provide a means of verifying 
performance 
of all AC and 


OC 
parameters. 
In 
addition, 
this 
verifies 
complete 


programmability 
and functionality 
of the device 
to pro- 


vide the highest programming 
yields and post-program- 


ming functional 
yields in the industry. 


Technology 


The 
PAL22V10A 
is fabricated 
with 
AMO's 
Junction- 


isolated process. The array connections 
are formed with 


highly reliable 
PtSi fuse. 


The 
PAL22V10-15, 
-10 
and 
-7 are 
fabricated 
with 


AMO's 
advanced 
oxide-isolated 
bipolar 
process. 
This 


process 
reduces 
parasitic 
capacitances 
and minirrum 


geometries 
to provide 
higher 
performance. 
The array 


connections 
are formed with PtSi fuses on the -15, and 


TiW fuses on the -7 and -10 for reliable operation. 


LbGlC 
DIAGRAM 
SKINNYDIP (PLCC/LCC) 
Pinouts 


110 
11 
(131 
l~ 
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ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with 
Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-D.5 V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-1.2 
V to Vee + 0.5 V 


DC Output or 1/0 Pin Voltage 
. 
-D.5 V to Vee + 0.5 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING 
RANGES 


Commercial 
(C) Devices 


Ambient 
Temperature 
(TA) 


Operating 
in Free Air. 
. . . . . . . . . .. 
DoC to +75°C 


Supply Voltage 
(Vee) 
with Respect to Ground 
..... 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless otherwise 
specified 


Pllrameter 
Min 
Max 
Unit 
~ymbol 
Parameter 
Description 
Test 
Conditions 


I 


VOH 
Output 
HIGH 
Voltage 
IOH =-3.2 
mA 
VIN = VIH or VIL 
2.4 
V 


Vee = Min 


VOL 
Output 
LOW 
Voltage 
IOL = 16 mA 
VIN = VIH or VIL 
0.5 
V 


Vee = Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voltage 
for all Inputs 
(Note 1) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 1) 


VI 
Input Clamp 
Voltage 
IIN = -18 mA, Vee = Min 
-1.2 
V 


hH 
Input HIGH 
Current 
VIN = 2.7 V, Vee 
= Max (Note 2) 
25 
~ 


ilL 
Input 
LOW 
Current 
VIN = 0.4 V, Vee = Max 
I Input 
-100 
j.lA 
(Note 2) 
I CLK 
-150 


II 
Maximum 
Input Current 
VIN = 5.5 V, Vee 
= Max 
1 
mA 


lozH 
Off-State 
Output 
Leakage 
VOUT = 2.7 V, Vee = Max 
100 
~ 
Current 
HIGH 
VIN = VIH or VIL (Note 2) 


lozL 
Off-State 
Output 
Leakage 
VOUT = 0.4 V, Vee 
= Max 
-100 
~ 
Current 
LOW 
VIN = VIH or VIL (Note 2) 


Ise 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vee = Max (Note 3) 
-30 
-130 
mA 


Ice 
Supply 
Current 
VIN = 0 V, Outputs 
Open 
(lOUT = 0 mAl 
220 
mA 


Vee = Max 


Notes: 


1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 
2. fOpin leakage is the worst case of IlL and IOZL (or IIH and lozH ). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
~ymbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN- 2.0 V 
I 
Vcc = 5.0 V 
6 


CooT 
Output Capacitance 
VOUT- 2.0 V 
I 
TA = 25°C 
5 
pF 


1= 1 MHz 


Note: 
1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


P~rameter 
Mln 


~ymbol 
Parameter Description 
(Note 3) 
Max 
Unit 


tpo 
Input or Feedback to Combinatorial Output 
1 
7.5 
ns 


ts 
Setup lime Irom Input, Feedback or SP to Clock 
5 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
1 
6 
ns 


!tSKEWR 
Skew Between Registered Outputs (Note 5) 
1 
ns 


I 
tAR 
Asynchronous Reset to Registered Output 
12 
ns 


tARW 
Asynchronous Reset Width 
8 
ns 


tARR 
Asynchronous Reset Recovery Time 
8 
ns 


tSPR 
Synchronous Preset Recovery Time 
5 
ns 


lwL 
Clock Width 
LOW 
4 
ns 


I twH 
HIGH 
4 
ns 


Maximum 
External Feedback I 
l/(ts 
+tco) 
91 
MHz 


lMAX 
Frequency 
Internal Feedback (ICNT) 
100 
MHz 
(Note 4) 
No Feedback 
I 
l/(twH + tWL) 
125 
MHz 


tEA 
Input to Output Enable Using Product Term Control 
8 
ns 


lER 
Input to Output Disable Using Product Term Control 
7.5 
ns 


No es: 


2. 
See Switching Test Circuit for test conditions. 


3. 
Output delay minimums are measured under best-case conditions. 


4. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


5. 
Skew is measured with all outputs switching in the same direction. 


~ 
lMD 


AB~OLUTE 
MAXIMUM RATINGS 


Storape Temperature 
-65°C 
to +150°C 


Ambitnt 
Temperature 
with 
Power Applied 
-55°C to +125°C 


Supply Voltage with 
ResPfct 
to Ground 
-0.5 V to +7.0 V 


DC Input Voltage 
-1.2 V to Vcc + 0.5 V 


DC Output or I/O 
Pin Vbltage 
-0.5 V to Vcc + 0.5 V 


stresJes above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
abovJL!hese limits is not implied. Exposure to Absolute Maxi- 
mum Hatings for extended periods may affect device reliabil- 
ity. Prpgramming conditions may differ. 


OPERATING 
RANGES 
Commercial (C) Devices 


Ambient 
Temperature 
(TAl 
Operating 
in Free Air. 
. . . . . . . . . .. 
O°C to +75°C 


Supply Voltage 
(Vee) 
with Respect to Ground 
..... 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC ~HARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless otherwise 
specrified 


Par~meter 
Parameter Description 
Test Conditions 
Mln 
Max 
Unit 
Symbol 


OH 
Output HIGH Voltage 
IOH=-3.2 
mA 
VIN= VIH or VIL 
2.4 
V 


Vcc = Min 
i 


OL 
Output lOW Voltage 
IOL= 16 mA 
VIN = VIHor VIL 
0.5 
V 


Vcc = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input logical HIGH 
2.0 
V 


Voltage for all Inputs (Note 1) 


VIL 
Input lOW Voltage 
Guaranteed Input logical lOW 
0.8 
V 
Voltage for all Inputs (Note 1) 


VI 
Input Clamp Voltage 
hN= -18 
mA, Vcc = Min 
-1.2 
V 


IIH 
Input HIGH Current 
VIN = 2.7 V, Vcc 
= Max (Note 2) 
25 
!!A 


hL 
Input lOW Current 
VIN= 0.4 V, Vcc - Max 
I Input 
-100 
!!A 


(Note 2) 
IClK 
-150 


Ii 
Maximum Input Current 
VIN= 5.5 V, Vcc = Max 
1 
mA 


lozH 
Off-State Output leakage 
VOUT= 2.7 V, Vcc = Max 
100 
!!A 
Current HIGH 
VIN= VIHor VIL (Note 2) 


IOZL 
Off-State Output leakage 
VOUT= 0.4 V, Vcc 
= Max 
-100 
!!A 
Current lOW 
VIN= VIHor VIL (Note 2) 


Isc 
Output Short-Circuit Current 
VOUT= 0.5 V, Vcc = Max (Note 3) 
-30 
-130 
mA 


lee 
Supply Current 
VIN= 0 V, Outputs Open (lOUT= 0 mAl 
180 
mA 


Vcc = Max 


Not~1: 
1. 
T1ese are absolute values with respect to deVICeground and all overshoots due to system andlor tester noise are included. 


2. vq pin leakage is the worst case of liL and lozL (or IIH and JoZH ). 


3. 
N9t more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT 
- 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Cond"lons 
Typ 
Un" 


CIN 
Input Capacitance 
VIN= 2.0 V 
Vcc -5.0 
V 
6 


CoUT 
Output Capacitance 
Vour. 
2.0 V 
TA·25°C 
5 
pF 


f.1 
MHz 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Mln 


~ymbol 
Parameter Description 
(Note 3) 
Max 
Un" 


I 
tpo 
Input or Feedback to Combinatorial Output 
1 
10 
ns 


ts 
Setup Time from Input, Feedback or SP to Clock 
7 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
1 
7 
ns 


tAR 
Asynchronous Reset to Registered Output 
15 
ns 


tARW 
Asynchronous Reset Width 
10 
ns 


tARR 
Asynchronous Reset Recovery Time 
8 
ns 


tsPR 
Synchronous Preset Recovery Time 
8 
ns 


twL 
LOW 
5 
ns 
Clock Width 
twH 
HIGH 
5 
ns 


External Feedback I 
1/(ts + tco) 
71 
MHz 
Maximum 
fMAX 
Frequency 
Internal Feedback (fCNT) 
80 
MHz 
(Note 4) 
No Feedback 
I 
1/(twH+ tWL) 
100 
MHz 


tEA 
Input to Output Enable Using Product Term Control 
11 
ns 


ItER 
Input to Output Disable Using Product Term Control 
9 
ns 


Notes: 
2. See Switching Test Circuit for test conditions. 


3. 
Output delay minimums are measured under best-case conditions. 


4. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


~ 
~MD 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with 
Power Applied 
. . . . . . . . . . . . . . . . . -55°C 
to + 125°C 


Supply Voltage 
with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-0.5 
V to Vcc + 0.5 V 


DC Input Current 
-30 
mA to +5 mA 


DC Output or 1/0 
Pin Voltage 
-0.5 
V to Vcc + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING 
RANGES 
Commercial (C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vcc) 
with Respect to Ground 
..... 
+4.75 V to +5.25 V 


Operating ranges define those limits betw86n which the func- 
tionality of the device is guaranteed. 


Dc~grARACTERISTICS 
over COMMERCIAL 
operating ranges unless otherwise 
spe Ified 


Parameter 
SVmbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unit 


VQH 
Output 
HIGH 
Voltage 
IOH =-3.2 
mA 
VIN = VIH or VIL 
2.4 
V 


Vcc = Min 


VOL 
Output 
LOW 
Voltage 
IOL = 16 mA 
VIN = VIH or VIL 
0.5 
V 


Vcc = Min 


VIH 
Input 
HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Vo~age 
for all Inputs 
(Note 1) 


VIL 
Input 
LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 1) 


VI 
Input Clamp 
Voltage 
IIN = -18 mA, Vcc = Min 
-1.2 
V 


IIH 
Input 
HIGH 
Current 
VIN = 2.7 V. Vcc 
= Max (Note 2) 
25 
~ 


ilL 
Input 
LOW 
Current 
VIN = 0.4 V. Vcc = Max (Note 2) 
-100 
~ 


II 
Maximum 
Input Current 
VIN = 5.5 V. Vcc 
= Max 
1 
mA 


IOZH 
Off-State 
Output 
Leakage 
VOUT = 2.7 V, Vcc 
= Max 
100 
~ 
Current 
HIGH 
VIN = VIH or VIL (Note 2) 


lozL 
Off-State 
Output 
Leakage 
VOUT = 0.4 V, Vcc 
= Max 
-100 
~ 
Current 
LOW 
VIN = VIH or VIL (Note 2) 


Isc 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vcc 
= Max (Note 3) 
-30 
-130 
mA 


Icc 
Supply 
Current 
VIN = 0 V, Outputs 
Open 
(lOUT = 0 mAl 
180 
mA 


Vcc = Max 


Notes. 


I 


1. 
These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


2. 
I/O pin leakage is the worst case of liL and lozL (or IIH and IOZH). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT= 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


C~PACIT ANCE (Note 1) 


~rameter 
ymbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN = 2.0 V 
Vcc 
= 5.0 V 
9 


TA = 25°C 
6 
pF 


GoUT 
Output 
Capacitance 
VOUT = 2.0 V 
f= 
1 MHz 
5 


.1- 
Nfte. 
1. These parameters are not 100% tested. but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be alfected. 


Parameter 
Mln 


~ymbol 
Parameter 
Description 
(Note 3) 
Max 
Unit 


tpo 
Input or Feedback 
to Combinatorial 
Output 
15 
ns 


ts 
Setup 
Time from 
Input. 
Feedback 
or SP to Clock 
10 
ns 


tH 
Hold Time 
0 
ns 


I 
tco 
Clock to Output 
10 
ns 


IAR 
Asynchronous 
Reset 
to Registered 
Output 
20 
ns 


IARW 
Asynchronous 
Reset 
Width 
15 
ns 


tARR 
Asynchronous 
Reset 
Recovery 
Time 
10 
ns 


tSPR 
Synchronous 
Preset 
Recovery 
Time 
10 
ns 


tWL 
LOW 
6 
ns 
Clock 
Width 
tWH 
HIGH 
6 
ns 


Maximum 


External 
Feedback 
I 
1/(ts 
+tCO) 
50 
MHz 


fMAX 
Frequency 
Internal 
Feedback 
(fCNT) 
80 
MHz 
(Note 4) 


No Feedback 
I 
1/(tWH + tWL) 
83 
MHz 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
15 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
15 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
Output delay minimums are measured under best-case conditions. 


4. 
These parameters are not 100% tested. but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


~ 
AMD 


ABSOLUTE 
MAXIMUM RATINGS 


Storlige 
Temperature 
-65°C 
to +150°C 


Am8ient 
Temperature 
with 
Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage 
. . . . . . . . . . . . . .. 
-0.5 
V to +5.5 V 


DC Input Current 
. . . . . . . . . . . . .. 
-30 
mA to +5 mA 


DC Output or I/O Pin Voltage 
... 
-0.5 
V to Vee Max 


Stre~ses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING 
RANGES 
Commercial (C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air. 
. . . . . . . . . .. 
O°C to +75°C 


Supply Voltage 
(Vcc) 
with Respect to Ground 
..... 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless 
otherwise 
specified 


P.rameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unh 


VOH 
Output 
HIGH 
Vo~age 
IOH --3.2 
mA 
VIN = VIH or VIL 
2.4 
V 


Vee = Min 


VOL 
Output 
LOW 
Vo~age 
IOL = 16 mA 
VIN = VIH or VIL 
0.5 
V 


Vee = Min 


I 
VIH 
Input 
HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voltage 
for all Inputs 
(Note 1) 


VIL 
Input 
LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 1) 


VI 
Input Clamp 
Voltage 
hN = -18 mA. Vee = Min 
-1.2 
V 


IIH 
Input HIGH 
Current 
VIN = 2.7 V. Vee 
= Max (Note 2) 
25 
1IA 


hL 
Input 
LOW 
Current 
VIN = 0.4 V. Vee = Max (Note 2) 
-100 
1IA 


h 
Maximum 
Input Current 
VIN = 5.5 V. Vee = Max 
1 
mA 


IOZH 
Off-State 
Output 
Leakage 
VOUT = 2.7 V. Vee 
= Max 
100 
1IA 


Current 
HIGH 
VIN = VIH or VIL (Note 2) 


IOZL 
Off-State 
Output 
Leakage 
VOUT = 0.4 V. Vee = Max 
-100 
1IA 


Current 
LOW 
VIN = VIH or VIL (Note 2) 


Ise 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V. Vee = Max (Note 3) 
-30 
-90 
mA 


Ice 
Supply 
Current 
VIN = 0 V. Outputs 
Open 
(loUT = 0 mAl 
180 
mA 


Vee = Max 


Notrs: 
1. These are absolute values with respect to device ground and all overshoots due to system andlor tester noise are included. 


2. 
110 pin leakage is the worst case of liL and lozL (or liH and lozH ). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capac~ance 
VIN= 2.0 V 
Vcc =5.0 V 
11 


TA = 25°C 
6 
pF 
CooT 
Output Capacitance 
VOlJT- 2.0 V 
1= 1 MHz 
9 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
~ymbol 
Parameter Description 
Mln 
Max 
Unit 


I 
tpo 
Input or Feedback to Combinatorial Output 
25 
ns 


ts 
Setup Time Irom Input, Feedback or SP to Clock 
20 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
15 
ns 


tAR 
Asynchronous Reset to Registered Output 
30 
ns 


tARW 
Asynchronous Reset Width 
25 
ns 


tARR 
Asynchronous Reset Recovery Time 
35 
ns 


tSPR 
Synchronous Preset Recovery Time 
20 
ns 


twL 
LOW 
15 
ns 
Clock Width 
twH 
HIGH 
15 
ns 


Maximum 
lMAX 
Frequency 
External Feedback 
l/(ts 
+ tco) 
28.5 
MHz 
(Note 3) 


tEA 
Input to Output Enable Using Product Term Control 
25 
ns 


tER 
Input to Output Disable Using Product Term Control 
25 
ns 


Notes: 
2. ISee Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


~ 
AMD 


ABSOLUTE 
MAXIMUM RATINGS 


Storrge 
Temperature 
-65°C 
to +150°C 


Sup~ly Voltage with 
Res~ect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage 
-1.2 
V to +7.0 V 


DC Output or I/O Pin Voltage 
-0.5 
V to +7.0 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mullJ.Ratings for extended periods may affect device reliabil- 
ity..'trogramming 
conditions may differ. Absolute Maximum 


Rati'lgs are for system design reference; parameters given 
are not tested. 


OPERATING 
RANGES 
Military (M) Devices (Note 1) 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air .... 
, . . . . . . . .. 
-55°C 
Min 


Operating 
Case (Te) 
Temperature 
125°C Max 


Supply Voltage 
(Vee) 
with Respect to Ground 
..... 
+4.50 V to +5.50 V 


Note: 


1. Military products are tested at Tc = +25" C, + 125" C, 


and -55"C, per MIL-STD-883. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over MILITARY operating 
ranges unless otherwise 
specified 
(Note 
2) 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Mln 
Max 
Unit 


VQH 
Output HIGH Vo~age 
IOH=-2 
mA 
VIN= VIHor VIL 
2.4 
V 


Vee = Min 


VOL 
Output lOW Vo~age 
IOL= 12 mA 
VIN = VIHor VIL 
0.5 
V 


Vee = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input logical HIGH 
2.0 
V 


Vo~age for all Inputs (Note 3) 


VIL 
Input lOW Voltage 
Guaranteed Input logical lOW 
0.8 
V 


Voltage for all Inputs (Note 3) 


VI 
Input Clamp Voltage 
IIN= -18 mA, Vee = Min 
-1.2 
V 


IIH 
Input HIGH Current 
VIN= 2.7 V, Vee = Max (Note 4) 
25 
J.1A 


ilL 
Input lOW Current 
VIN = 0.4 V, Vee = Max (Note 4) 
I Input 
-100 
I!A 
I ClK 
-150 


II 
Maximum Input Current 
VIN = 5.5 V, Vee = Max 
1 
mA 


IOZH 
Off-State Output leakage 
VOUT= 2.7 V, Vee = Max 
100 
J.1A 


Current HIGH 
VIN= VIHor VIL (Note 4) 


IOZL 
Off-State Output leakage 
Vour = 0.4 V, Vee = Max 
-100 
J.1A 


Current lOW 
VIN= VIHor VIL (Note 4) 


Ise 
Output Short-Circuit Current 
Vour = 0.5 V, Vee = Max (Note 5) 
-30 
-130 
mA 


Ice 
Supply Current 
VIN= 0 V, Outputs Open (lOUT= 0 mAl 
200 
mA 


Vee= Max 


Notf's: 
2. 
For APL Products, Group A, Subgroups 1,2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
\I,L and V,Hare input conditions of output tests and are not themselves directly tested. V,Land V,Hare absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. 
110 pin leakage is the worst case of IlL and IOZL (or IIH and loZH). 
5. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT= 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter DescrIption 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN-2.0 
V 
I 
Vcc-5.0V 
6 


I 
TA _25°C 
pF 
Cour 
Output Capacitance 
VOUT- 2.0 V 
f-1 
MHz 
8 


Note: 


1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
Symbol 
Parameter Description 
Mln 
Max 
Unit 


tpo 
Input or Feedback to Combinatorial Output 
12 
ns 


ts 
Setup Time from Input or Feedback to Clock 
10 
ns 


tH 
Hold Time 
0 
ns 


I 
tco 
Clock to Output 
10 
ns 


I 
tAR 
Asynchronous Reset to Registered Output 
20 
ns 


I tARW 
Asynchronous Reset Width (Note 3) 
15 
ns 


tARR 
Asynchronous Reset Recovery Time (Note 3) 
10 
ns 


tSPR 
Synchronous Preset Recovery Time (Note 4) 
10 
ns 


twL 
LOW 
6 
ns 
Clock Width 
twH 
HIGH 
6 
ns 


Maximum 
External Feedback 
I 1/(ts + tco) 
50 
MHz 
fMAX 
Frequency 
Internal Feedback (leNT) 
58.8 
MHz 
(Note 4) 
No Feedback 
I 1/(twH + tWL) 
83.3 
MHz 


tEA 
Input to Output Enable Using Product Term Control (Note 4) 
15 
ns 


tER 
Input to Output Disable Using Product Term Control (Note 4) 
12.5 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
tARw and tARR are not directly tested, but are guaranteed by the testing of Is and tAR. 


4. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 


~. 
AMD 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage 
-0.5 
V to +5.5 V 


DC Output or VO Pin Voltage 
-0.5 
V to +7.0 V 


DC Input Current 
. . . . . . . . . . . . .. 
-30 
mA to +5 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


OPERATING 
RANGES 
Military (M) Devices (Note 1) 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
-55°C 
Min 


Operating 
Case (Te) 
Temperature 
125°C Max 


Supply Voltage 
(Vcc) 
with Respect to Ground 
..... 
+4.50 V to +5.50 V 


Note: 


1. Military products are tested at Tc - +25'C. + 125'C, 


and -55'C, per MIL-STD-883. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DO CHARACTERISTICS 
over MILITARY operating 
ranges unless otherwise 
specified 
(Nqte 2) 


Plirameter 


j3ymbol 
Parameter Description 
Test Conditions 
Mln 
Max 
Unit 


VOH 
Output HIGH Voltage 
IOH=-2 
mA 
VIN= VIHor VIL 
2.4 
V 


Vee= Min 


VOL 
Output LOW Voltage 
IOL-12 
mA 
VIN - VIHor VIL 
0.5 
V 


Vee = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Voltage for all Inputs (Note 3) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Voltage for all Inputs (Note 3) 


VI 
Input Clamp Voltage 
IIN= -18 mA, Vee = Min 
-1.2 
V 


IIH 
Input HIGH Current 
VIN- 2.7 V, Vcc - Max (Note 4) 
25 
IlA 


ilL 
Input LOW Current 
VIN- 0.4 V, Vcc - Max (Note 4) 
-100 
IlA 


II 
Maximum Input Current 
VIN= 5.5 V, Vee = Max 
1 
mA 


IOZH 
Off-State Output Leakage 
VOUT= 2.7 V, Vee = Max 
100 
IlA 
Current HIGH 
VIN= VIHor VIL (Note 4) 


IozL 
Off-State Output Leakage 
Your - 0.4 V, Vee = Max 
-100 
IlA 
Current LOW 
VIN= VIHor VIL (Note 4) 


Ise 
Output Short-Circu~ Current 
Your = 0.5 V, Vee = Max (Note 5) 
-30 
-90 
mA 


Ice 
Supply Current 
VIN= 0 V, Outputs Open (lOUT= 0 mAl 
200 
mA 


Vee= Max 


Notes: 
I 


2. 
for APL Products, Group A, Subgroups 1,2. and 3 are tested per MIL-STD-883. Method 5005. unless otherwise noted. 


3. 
\"ILand V/Hare input conditions of output tests and are not themselves directly tested. VILand VIHare absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. ~Opin leakage is the worst case of IlL and IOZL (or IIH and IozH). 
5. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT=0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capac~ance 
VIN. 2.0 V 
Vcc. 
5.0 V 
9 


TA.25°C 
6 
pF 
CooT 
Output Capacitance 
VOUT. 2.0 V 
f.1 
MHz 
9 
Note: 
1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


I 


S'II'ITCHING CHARACTERISTICS 
over MILITARY operating 
ranges (Note 2) 


P~rameter 
~ymbol 
Parameter Description 
Mln 
Max 
Unit 


tpo 
Input or Feedback to Combinatorial Output 
20 
ns 


ts 
Setup TIme from Input or Feedback to Clock 
17 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
15 
ns 


IAR 
Asynchronous Reset to Registered Output 
25 
ns 


I IARW 
Asynchronous Reset Width (Note 3) 
20 
ns 


tARR 
Asynchronous Reset Recovery Time (Note 3) 
20 
ns 


tSPR 
Synchronous Preset Recovery Time (Note 4) 
20 
ns 


twL 
LOW 
15 
ns 
Clock Width 
HIGH 
15 
twH 
ns 


I fMAX 


Maximum 
External Feedback 
I l/(ts + tco) 
31.2 
MHz 
Frequency 


Internal Feedback (fCNT) 
33.3 
MHz 
(Note 4) 


tEA 
Input to Output Enable Using Product Term Control (Note 4) 
20 
ns 


tER 
Input to Output Disable Using Product Term Control (Note 4) 
20 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 
3. 
tARW and tARR are not directly tested, but are guaranteed by the testing of Is and tAR. 


4. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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ABSOLUTE 
MAXIMUM RATINGS 


Stokge 
Temperature 
-65°C 
to +150°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage 
-0.5 
V to +5.5 V 


DC Output or I/O Pin Voltage 
-0.5 
V to Vcc Max 


DC Input Current 
. . . . . . . . . . . . .. 
-30 
mA to +5 mA 


Output Sink Current 
100 mA (Note 6) 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratiqgs are for system design reference; parameters given 
are not tested. 


OPERATING 
RANGES 
Military (M) Devices (Note 1) 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air. 
. . . . . . . . . . . .. 
-55°C 
Min 


Operating 
Case (Tc) 
Temperature 
125°C Max 


Supply Voltage 
(Vcc) 
with Respect to Ground 
..... 
+4.50 V to +5.50 V 


Note: 


1. Military products are tested at Tc - +25"C, + 125"C, 


and -5S'C. per MIL-STD-883. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over MILITARY operating 
ranges unless otherwise 
specified 
(Note 2) 
I 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Mln 
Max 
Unit 


VQH 
Output HIGH Vo~age 
IoH --2 
mA 
VIN• VIHor Vil 
2.4 
V 


Vcc -Min 


VOl 
Output LOW Vo~age 
1oL-12mA 
VIN - VIHor Vil 
0.5 
V 


Vcc .Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Vo~age for all Inputs (Note 3) 


Vil 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Vo~age for all Inputs (Note 3) 


VI 
Input Clamp Voltage 
hN. -18 mA, Vcc - Min 
-1.2 
V 


hH 
Input HIGH Current 
VIN.2.7 
V, Vcc - Max (Note 4) 
25 
j1A 


hl 
Input LOW Current 
VIN= 0.4 V, Vcc • Max (Note 4) 
-100 
j1A 


h 
Maximum Input Current 
VIN- 5.5 V, Vcc - Max 
1 
mA 


IOZH 
Off-State Output Leakage 
VOUT- 2.7 V, Vcc • Max 
100 
j1A 


Current HIGH 
VIN- VIHor Vil (Note 4) 


Iozl 
Off-State Output Leakage 
VOUT• 0.4 V, Vcc - Max 
-100 
j1A 


Current LOW 
VIN= VIHor Vil (Note 4) 


Isc 
Output Short-Circuit Current 
VOUT- 0.5 V, Vcc - Max (Note 5) 
-30 
-90 
mA 


Ice 
Supply Current 
VIN= 0 V, Outputs Open (loUT_ 0 mAl 
180 
mA 


Vcc- 
Max 


Notelf: 


2. 
For APL Products, Group A. Subgroups 1,2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
VJLand VJHare input conditions of output tests and are not themselves directly tested. VJLand VJHare absolute voltages with 
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values 
without suitable equipment. 


4. 
VOpin leakage is the worst case of liL and IOZL (or IIH and IoZH). 


5. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT 
_ 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
~ymbol 
Parameter 
Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance I Pins 1, 13 
VIN- 2.0 V 
Vcc = 5.0 V 
11 
IOthers 
TA = 25°C 
6 
pF 
GoUT 
Output Capacitance 
Vour - 2.0 V 
f= 1 MHz 
9 


Note: 


1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be alfected. 


S*ITCHING 
CHARACTERISTICS 
over MILITARY operating ranges (Note 2) 


A 
Std 


Parameter 
Symbol 
Parameter 
Description 
Mln 
Max 
Mln 
Max 
Unit 


tpo 
Input or Feedback to Combinatorial Output 
30 
40 
ns 


ts 
Setup Time from Input or Feedback to Clock 
25 
35 
ns 


tH 
Hold Time 
0 
0 
ns 


tco 
Clock to Output 
20 
25 
ns 


tAR 
Asynchronous Reset to Registered Output 
35 
45 
ns 


tARW 
Asynchronous Reset Width (Note 3) 
30 
40 
ns 


tARR 
Asynchronous Reset Recovery Time (Note 3) 
30 
40 
ns 


twL 
LOW 
20 
30 
ns 
Clock Width 
twH 
HIGH 
20 
30 
ns 
Maximum 
fMAX 
Frequency 
External Feedback 
1/(ts +tco) 
22 
16.5 
MHz 
(Note 4) 


tEA 
Input to Output Enable Using Product 
Term Control (Note 5) 
30 
40 
ns 


tER 
Input to Output Disable Using Product 
Term Control (Note 5) 
30 
40 
ns 


No~es: 
2. 
See Switching Test Circuit for test conditions. For APL products Group A. Subgroups 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
tARW and tARR are not directly tested, but are guaranteed by the testing of Is and tAR. 


4. 
These parameters are not 100% tested, but are calculated at initial charzation ond at any time the design is modified where 
frequency may be affected. 


5. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 


Inputor 
Feedback-~=VT 


Combinatorial 
Output 


165598-7 


Combinatorial 
Output 


Input 
Asserting 
Asynchronous 
Reset 


Registered 


?utput 


Notes: 


1. 
VT= 1.5 V. 


2. 
Input pulse amplitude 0 V to 3.0 V. 


3. 
Input rise and fall times 2 ns - 4 ns typical. 


Inputor 
r 
t 


F~: ~~~~~~~~_'_l.'= 
__ts_1:~,_Vr _ 


Registered---------'ho:i 
- 


OutPut 
~ 


Inputor 
Feedback 


Input 


Asserting=f 
Synchronous 
Preset 
_ 


ts 


xXm_Vr 
Registered 
Output 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
Steady 
Steady 
\\\\\ 


May 
Will be 
Change 
Changing 
from Hto L 
from Hto L 
/00 


May 
Will be 
Change 
Changing 


from Lto H 
from Lto H 


'tIX!YX 


Don't Care, 
Changing, 
Any Change 
State 
Permitted 
Unknown 


}}) CK 


Does Not 
Center 
Apply 
line is High- 
Impedance 
"Off" State 


KSOOOO10-PAL 


Commercial 
Mllltarv 
Measured 
Specification 
51 
Cl 
R1 
R2 
R1 
R2 
Output Value 


tpo, tco 
Closed 
All except 
1.5 V 


-7: 
tEA 
Z -> H: Open 
50 pF 
300n 
390n 
390n 
750n 
1.5 V 
Z -> L: Closed 


tER 
H ->Z: Open 
5 pF 
-7: 
H ->Z: VOH- 0.5 V 


L -> Z: Closed 
300n 
L->Z: 
Va. + 0.5 V 
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MEASURED SWITCHING CHARACTERISTICS 
for the PAL22V10·10 


vCC = 4.75 V, TA = 75°C (Note 1) 


13 


12 


11 


10 
tPD, ns 


9 


8 


7 


0 


Note: 
1. 
T1ese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
wiere 
/po may be affected. 


ProgramNerify 
Circuitry 


Input, 
I/O 
Pins 


ProgramNerify/ 


Test Circuitry 


Preload 
Circuitry 
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POWER-UP RESET 


The power-up 
reset feature ensures that all flip-flops will 


be re~et to LOW after the device has been powered 
up. 


The output 
state will depend 
on the programmed 
pat- 


tern. 
This feature 
is valuable 
in simplifying 
state 
ma- 


chine initialization. 
A timing diagram 
and parameter 
ta- 


ble are shown below. Due to the synchronous 
operation 


of thd power-up 
reset and the wide range of ways Vcc 


can rise to its steady state, two conditions 
are required 


to ensure a valid power-up 
reset. These conditions 
are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOWto 
HIGH until all applicable 
input and feed- 


back setup times are met. 


Parameter 
Symbol 
Parameter Description 
Max 
Unit 


tPR 
Power-up Reset Time 
1000 
ns 


ts 
Input or Feedback Setup Time 
See Sw~ching 
twL 
Clock Width LOW 
Characteristics 


tPR ---_.,I 
71 
\Vl 


~tWL 


Registered 
Active-Low 
Output 


_ 
COM'L: 
H-517110/15/25,o.10/15/25 


P~LCE22V10 Family 


24-Pin EE CMOS Versatile PAL Device 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
As fast as 5 ns propagation 
delay and 


142.8 MHz fMAX(external) 


• 
Low-power EE CMOS 
• 
10 macrocells programmable 
as registered or 


combinatorial, 
and active high or active low to 


'l'latch application 
needs 


• 
','arled product term distribution 
allows up to 


~6 product terms per output for complex 
finctlons 


• 
Global asynchronous 
reset and synchronous 


preset for Initialization 


• 
Power-up reset for Initialization 
and register 


preload for testability 


• 
Extensive third-party 
software and programmer 


support through FusionPLD partners 


• 
24-pln SKINNYDIP, 24-pln SOIC, 24-pin Flat- 
pack and 28-pln PLCC and LCC packages save 
space 


• 
5 ns and 7.5 ns versions utilize split leadframes 
for improved performance 


GENERAL 
DESCRIPTION 


Thel PALCE22V10 provides user-programmable logic 
for replacing conventional SSI/MSI gates and flip-flops 
at a reduced chip count. 


The PAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array isprogrammed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 


The product terms are connected to the fixed OR array 
with a varied distribution from 8 t016 across the outputs 
(see Block Diagram). The ORsum olthe productsfeeds 
the output macrocell. Each macrocell can be pro- 
grammed as registered or combinatorial, and active 
high 
or 
active 
low. 
The 
output 
configuration 
is 


determined by two bits controlling two multiplexers in 
each macrocell. 


AMD's FusionPLD program allows PALCE22V10 de- 
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMD certifies that the tools 
provide accurate,quality support. By ensuring thatthird- 
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the PLD Software Reference Guide for certified devel- 
opment systems andthe Programmer Reference Guide 
for approved programmers. 


1107 
110. 
IlOo 


Publication'16564 
Rev. B 
AmendmentlO 


Issue Date: Jun. 
1993 


CONNECTION 
DIAGRAMS 


T6pVieW 


SKINNYDIP/SOIC/FLATPACK 


CLKllo 
VCC 


h 
IIQg 


12 
1I0s 


13 
1107 


14 
1106 


15 
1105 


16 
1104 


17 
1103 


Is 
1102 


19 
1101 


110 
1100 


GND 
111 


16564B-2 


1/0] 


1/06 
1/05 
NC 


1/04 


1/0:3 


1/02 


moou~o~ 
-=zz=OO 
C) 
::::: ::::: 


Note: 


Pin 1is marked 
for orientation. 


PIN DESIGNATIONS 


ClK 
= Clock 


GND 
Ground 


I 
Input 


110 
Input/Output 


NCI 
No Connect 


Vex; 
Supply Voltage 
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ORbERING 
INFORMATION 


Cot;,merCial Products 


AM~\prOgrammable logic products for commercial applications are available with several ordering options. The order num- 
ber (Valid Combination) is formed by a combination of: 


FAMILY TYPE 
PAL = Programmable Array Logic 


PAL 
T 


15l 


OPTIONAL PROCESSING 
Blank = Standard processing 


NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
V = Versatile 


PROGRAMMING DESIGNATOR 
Blank = Initial Algorithm 
14 
First Revision 
15 
Second Revision 
(Same Algorithm as 14) 


TECHNOLOGY 
CE = CMOS Electrically Erasable 


OPERATING CONDITIONS 
C = Commercial (O°Cto +75°C) 


NUMBER OF OUTPUTS 


POWER 
Q = Quarter Power (55 mA Ice) 
H = Half Power (90-140 mA Ice) 


PACKAGE TYPE 
P 
24-Pin 300 mil Plastic 
SKINNYDIP (PD3024) 


J 
= 28-Pin Plastic Leaded 


Chip Carrier (PL 028) 


S = 24-Pin Plastic Gull-Wing 


Small Outline Package 
(SO 024) 


SPEED 
-5 = 5 ns tpo 
-7 = 7.5 ns tpo 


-10 = 10 ns tpo 
-15 = 15 nstpo 
-25 = 25 ns tpo 


Valid Combinations 


PALCE22V10-5 
JC 


PALCE22V10H-7 


PALCE22V1 OH-10 
15 


PALCE22V10Q-10 
PC, JC, SC 


PALCE22V10H-15 
Blank,/4 


PALCE22V100-15 
PC,JC 
15 


PALCE22V10H-25 
PC, JC, SC 


PALCE22V10Q-25 
PC,JC 
Blank,/4 


Valid Combinations 


Valid Combinations lists configurations planned to be 
supported in volume for this device. Consult the local 
AMD sales office to confirm availability of specific 
valid combinations and to check on newly released 
combinations. 


ORDERING INFORMATION 
APL Products 
AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL 
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combina- 
tion) is formed by a combination of: 


FAMILY TYPE 
PAL. 
Programmable Array Logic 


PAL 
T 


CE 
22 
V 
10 H -15 E4 /B 
L 
A 


~ 


LEAD FINISH 
A • 
Hot Solder Dip 


PACKAGE TYPE 
L • 
24-Pin 300-mil Ceramic 
SKINNYDIP (CD3024) 


K • 
24-Pin Ceramic Flatpack 
(CFL024) 


3 • 
28-Pin Ceramic 
Leadless Chip Carrier 
(CL028) 


DEVICE CLASS 
18. 
MIL-STD-883C Class B 


TECHNOLOGY 
CE • CMOS Electrically Erasable 


NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
V • 
Versatile 


NUMBER OF OUTPUTS 


POWER 
H. 
HanPower 
(100-150mAlcc) 


PROGRAMMING DESIGNATOR 
Blank = Initial Algorithm 
E4 
First Revision 


SPEED 
-15.15 
ns tpo 
-20 = 20 ns tpo 
-25 = 25 ns tpo 
-30 • 30 ns tpo 


Valid Combinations 


PALCE22Vl0H-15 
E4 


PALCE22Vl0H-20 
I8LA,/BKA, 


PALCE22Vl0H-25 
Blank, 
IB3A 


E4 
PALCE22Vl0H-30 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


Group A Tests 


Group A tests consist of Subgroups 


I, 2, 3, 7, 8, 9, 10, 11. 


Military Burn-In 
Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A 
through E. Test conditions are selected at AMD's option. 


~ 
AMD 


FU~CTIONAL DESCRIPTION 


The PALCE22V10 
allows the systems 
engineer 
to im- 
plement the design on-chip, by programming 
EE cells to 


configure 
AND and OR gates within the device, accord- 


ing to the desired 
logic function. 
Complex 
interconnec- 
tions 
between 
gates, 
which 
previously 
required 
time- 
con~uming 
layout, 
are 
lifted from 
the 
PC board 
and 


placed on silicon, where they can be easily modified dur- 
ing prototyping 
or production. 


Product terms with all connections 
opened assume the 


logical HIGH state; product terms connected 
to both true 


and complement 
of any single input assume the logical 


LOW state. 


The PALCE22V1 
0 has 12 inputs and 10110 macrocells. 


The macrocell 
Figure 1allows one of four potential 
out- 


put configurations; 
registered 
output 
or combinatorial 


1/0, active 
high or active 
low (see Figure 1). The con- 
figu~ation choice is made according 
to the user's design 


spe~ification 
and 
corresponding 
programming 
of the 


configuration 
bits So - S,. Multiplexer 
controls 
are con- 


nected to ground 
(0) through 
a programmable 
bit, se- 


lecting the "0" path through the multiplexer. 
Erasing the 


bit disconnects 
the control line from GND and it is driven 


to a high level, selecting 
the "1" path. 


The device is produced 
with a EE cell link at each input 


to the AND gate array, and connections 
may be selec- 


tively removed 
by applying 
appropriate 
voltages 
to the 


circuit. Utilizing an easily-implemented 
programming 
al- 


gorithm, 
these products 
can be rapidly programmed 
to 


any customized 
pattern. 


Variable Input/Output Pin Ratio 


The PALCE22V1 0 has twelve dedicated 
input lines, and 


each macrocell 
output can be an 1/0 pin. Buffers for de- 


vice 
inputs 
have 
complementary 
outputs 
to 
provide 


user-programmable 
input signal polarity. 
Unused 
input 


pins should be tied to Vcc or GND. 


1 
0 


1 
1 


0 
0 
0 
1 


SP 
S1 


So = 
Output Configuration 


Registered/Active Low 


Registered/Active High 


Combinatorial/Active Low 


Combinatorial/Active High 


0= Programmed EE bit 
1 = Erased (charged) EE bit 


Registered Output Configuration 


E~ch macrocell 
of the PALCE22V10 
includes 
aD-type 


flip-flop for data storage 
and synchronization. 
The flip- 


flop 
is loaded 
on the 
LOW-to-HIGH 
transition 
of the 


clock input. In the registered 
configuration 
(51 = 0), the 


array feedback 
is from a of the flip-flop. 


Combinatorial 110Configuration 


Any macrocell 
can be configured 
as combinatorial 
by 


selecting the multiplexer 
path that bypasses 
the flip-flop 


(51 = 1). In the combinatorial 
configuration 
the feedback 


is from the pin. 


So.1 
51.0 


50·1 
51.1 


Programmable Three-State Outputs 


Each output has a three-state 
output buffer with three- 


state control. 
A product 
term controls 
the buffer, allow- 
ing enable and disable to be a function of any product of 
device 
inputs 
or output 
feedback. 
The 
combinatorial 


output provides 
a bidirectional 
I/O pin, and may be con- 
figured 
as a dedicated 
input 
if the 
buffer 
is always 


disabled. 


Programmable 
Output Polarity 


The I?Olarity of each macrocell 
output can be active high 


or active low, either to match output signal needs or to 
reduce 
product 
terms. 
Programmable 
polarity 
allows 
Boolean expressions 
to be written in their most compact 
form (true or inverted), 
and the output can still be of the 


desired 
polarity. 
It can 
also 
save 
"DeMorganizing" 
efforts. 


Selection 
is controlled 
by programmable 
bit So in the 


outP~t macrocell, 
and affects both registered 
and com- 


binatorial 
outputs. 
Selection 
is automatic, 
based on the 


design specification 
and pin definitions. 
If the pin defini- 
tion and output equation 
have the same polarity, the out- 


put is programmed 
to be active high (So = 1). 


Preset/Reset 


For initialization, 
the PALCE22V10 
has Preset and Re- 


set product terms. These terms are connected 
to all reg- 
istered 
outputs. 
When 
the Synchronous 
Preset 
(SP) 


prodLct term is asserted 
high, the output registers will be 


loaded 
with a HIGH 
on the next LOW-to-HIGH 
clock 
transition. 
When the Asynchronous 
Reset (AR) product 
term is asserted 
high, the output registers will be imme- 


diately 
loaded with a LOW independent 
of the clock. 


Note that preset 
and reset control 
the flip-flop, 
not the 


outpLt pin. The output level is determined 
by the output 


pola ity selected. 


Power-Up Reset 


All flip-flops 
power-up 
to a logic LOW for predictable 


system 
initialization. 
Outputs 
of the PALCE22V10 
will 
depend 
on the programmed 
output 
polarity. 
The Vcc 
rise must 
be monotonic 
and the 
reset 
delay 
time 
is 
1000 ns maximum. 


Register Preload 


The 
register 
on the 
PALCE22V10 
can 
be preloaded 


from 
the output 
pins to facilitate 
functional 
testing 
of 


complex 
state machine 
designs. 
This feature 
allows di- 


rect loading of arbitrary states, making it unnecessary 
to 


cycle through 
long test vector sequences 
to reach a de- 


sired state. In addition, transitions 
from illegal states can 


be verified by loading illegal states and observing 
proper 


recovery. 


security Bit 


After programming 
and verification, 
a PALCE22V1 
0 de- 


sign can be secured by programming 
the security 
EE bit. 


Once programmed, 
this bit defeats 
readback 
of the in- 
ternal programmed 
pattern by a device programmer, 
se· 


curing proprietary 
designs 
from competitors. 
When the 


security bit is programmed, 
the array will read as if every 


bit is erased. and preload will be disabled. 


The bit can only be erased in conjunction 
with erasure of 


the entire pattern. 


Programming and Erasing 


The 
PALCE22V10 
can be programmed 
on standard 


logic programmers. 
It also may be erased to reset a pre- 


viously 
configured 
device 
back to its virgin state. 
Era- 


sure is automatically 
performed 
by the programming 


hardware. 
No special erase operation 
is required. 


Quality and Testability 


The 
PALCE22V10 
offers 
a very 
high level of built-in 


quality. 
The erasability 
of the device 
provides 
a direct 


means of verifying 
performance 
of all AC and DC pa- 


rameters. 
In addition, 
this verifies 
complete 
program- 


mability 
and functionality 
of the device 
to provide 
the 


highest 
programming 
yields 
and 
post-programming 
functional 
yields in the industry. 


Technology 


The high-speed 
PALCE22V1 0 is fabricated 
with AMD's 


advanced 
electrically 
erasable 
(EE) 
CMOS 
process. 


The array connections 
are formed with proven EE cells. 


Inputs and outputs 
are designed 
to be compatible 
with 


TIL 
devices. 
This 
technology 
provides 
strong 
input 


clamp diodes, output slew-rate 
control, 
and a grounded 


substrate 
for clear switching. 


AMD~ 
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PALCE22V10 
Family 
2·293 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Am~ient 
Te~perature 
with 
° 
° 
Power Applied 
. . . . . . . . . . . . . . .. 
-55 
C to + 125 C 


Supply Voltage 
with Respect 
to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-0.5 
V to Vcc + 1.0 V 


DC Output or 1/0 Pin 
Voltage 
-0.5 
V to Vcc + 1.0 V 


Static Discharge 
Voltage 
2001 V 


Latcrup 
Current 
(TA = O°C to +75°C) 
100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


OPERATING 
RANGES 


Commercial 
(C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air. 
. . . . . . . . . .. 
O°C to +75°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.75 V to +5.25 V 


Operating Ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless otherwise 
specified 


PREUMNARY 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Mln 
Max 
Unit 


VOH 
Output HIGH Vo"age 
IoH =-3.2 
mA 
VIN- VIHor VIL 
2.4 
V 


Vcc - Min 


VOL 
Output LOW Vo"age 
IOL-16 
mA 
VIN - VIHor VIL 
0.4 
V 


Vcc - Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Vo"age lor all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Vo"age lor all Inputs (Note 1) 


IIH 
Input HIGH Leakage Current 
VIN- Vcc, Vee - Max (Note 2) 
10 
1IA 


ilL 
Input LOW Leakage Current 
VIN - 0 V, Vcc - Max (Note 2) 
-100 
1IA 


IOlH 
Ofl-State Output Leakage 
VOUT- Vee, Vcc - Max, 
10 
1IA 
Current HIGH 
VIN - VILor VIH(Note 2) 


lOlL 
Ofl-State Output Leakage 
VOUT- 0 V, Vcc - Max, 
-100 
1IA 
Current LOW 
VIN- VILor VIH (Note 2) 


Isc 
Output Short-Circuit 
VOUT- 0.5 V, Vcc - Max 
-30 
-130 
mA 
Current 
(Note 3) 


Ice 
Supply Current 
Outputs Open, (louT - 0 mAl, 
115 
mA 
(Static) 
Vcc - Max 


Supply Current 
Outputs Open, (louT - 0 mAl, 
140 
mA 
(Dynamic) 
Vee - Max, I - 25 MHz 


Notes: 


1. 
These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 


2. //0pin leakage is the worst case of ilL and IOZL (or IIHand IOZH). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 


Vcl)UT - 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input 
Capacitance 
VIN = 2.0 V 
Vcc = 5.0 V 
5 


GoUT 
Output 
Capacitance 
VauT = 2.0 V 
TA= 25°C 
8 
pF 


1=1 
MHz 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


PRELIMINARY 
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Parameter 
Symbol 
Parameter Description 
Min 
Max 
Unit 


tPD 
Input or Feedback 
to Combinatorial 
Output 
1 
5.0 
ns 


tS1 
Setup 
Time 
Irom 
Input or Feedback 
3.0 
ns 


tS2 
Setup 
Time 
Irom 
SP to Clock 
4.0 
ns 


I 
tH 
Hold Time 
0 
ns 


tca 
Clock 
to Output 
1 
4.0 
ns 


tSKEWR 
Skew 
Between 
Registered 
Outputs 
(Note 3) 
1 
ns 


tAR 
Asynchronous 
Reset 
to Registered 
Output 
7.5 
ns 


tARW 
Asynchronous 
Reset 
Width 
4.5 
ns 


tARR 
Asynchronous 
Reset 
Recovery 
Time 
4.5 
ns 


tSPR 
Synchronous 
Preset 
Recovery 
Time 
4.5 
ns 


twL 
LOW 
2.5 
ns 


twH 
Clock 
Width 
HIGH 
2.5 
ns 


External 
Feedback 
I 
1/(t5 + tca} 
142.8 
MHz 
Maximum 
fMAX 
Frequency 
Internal 
Feedback 
(ICNT) 
150 
MHz 


(Note 4) 
No Feedback 
I 
1/(tWH + twL) 
200 
MHz 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
5.0 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
5.0 
ns 


Notes: 
2. 
See Switching Test Circuit for test conditions. 


3. 
Skew is measured with all outputs switching in the same direction. 


4. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


~ 
AMD 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


AmQient Temperature 
with 
Power Applied 
. . . . . . . . . . . . . . .. 
-55°C 
to + 125°C 


Supply Voltage with Respect 
to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-0.5 
V to Vee + 1.0 V 


DC Output or I/O Pin 
Voltage 
-0.5 
V to Vcc + 1.0 V 


Static Discharge 
Voltage 
2001 V 


I 


Latcrup 
Current 
(TA = O°C to +75°C) 
100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


OPERATING 
RANGES 


Commercial (C) Devices 


Ambient 
Temperature 
(TA) 


Operating 
in Free Air. 
. . . . . . . . . .. 
O°C to +75°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.75 V to +5.25 V 


Operating Ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless 
otherwise 
sp~cified 


Pa,rameter 


Mln 
Max 
Unit 
Symbol 
Parameter Description 
Test Conditions 


VOH 
Output HIGH Vo~age 
IOH=-3.2 
mA 
VIN- VIHor VIL 
2.4 
V 


Vee - Min 


VOL 
Output LOW Vo~age 
IOL= 16 mA 
VIN - VIHor VIL 
0.4 
V 


Vee = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Vo~age for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Vo~age for all Inputs (Note 1) 


hH 
Input HIGH Leakage Current 
VIN= Vcc, Vcc - Max (Note 2) 
10 
1iA 


liL 
Input LOW Leakage Current 
VIN= 0 V, Vee - Max (Note 2) 
-100 
1iA 


IOZH 
Ofl-State Output Leakage 
VOUT- Vee, Vee - Max, 
10 
1iA 


Current HIGH 
VIN = VILor VIH (Note 2) 


IOZL 
Off-State Output Leakage 
VOUT= 0 V, Vec - Max, 
-100 
1iA 


Current LOW 
VIN= VILor VIH (Note 2) 


Ise 
Output Short-Circu~ 
VOUT= 0.5 V, Vcc - Max 
-30 
-130 
mA 
Current 
TA = 25°C (Note 3) 


Ice 
Supply Current 
Outputs Open, (loUT - 0 mAl, 
115 
mA 
(Static) 
Vee = Max 


Supply Current 
Outputs Open, (loUT _ 0 mAl, 
140 
mA 
(Dynamic) 
Vce - Max, I - 25 MHz 


Notes: 
1. 
These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 


2. 
I/O pin leakage is the worst case of ilL and IOZL (or IIH and IOZH). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Unit 


CIN 
Input 
Capacitance 
VIN = 2.0 V 
Vcc 
= 5.0 V 
5 


GoUT 
Output 
Capacitance 
VauT = 2.0 V 
TA = 25°C 
8 
pF 


f= 
1 MHz 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


I 


SWITCHING CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges (Note 2) 


-7 


Parameter 
PDIP 
PLCC 
Symbol 
Parameter 
Description 
Mln 
Max 
Mln 
Max 
Unit 


tPD 
Input or Feedback 
to Combinatorial 
Output 
1 
7.5 
1 
7.5 
ns 


tS1 
Setup 
Time from 
Input or Feedback 
5 
4.5 
ns 


tS2 
Setup 
Time from 
SP to Clock 
6 
6 
ns 


tH 
Hold Time 
0 
0 
ns 


tca 
Clock 
to Output 
1 
5 
1 
4.5 
ns 


tSKEWR 
Skew 
Between 
Registered 
Outputs 
(Note 3) 
1 
1 
ns 


tAR 
Asynchronous 
Reset 
to Registered 
Output 
10 
10 
ns 


tARw 
Asynchronous 
Reset 
Width 
7 
7 
ns 


tARR 
Asynchronous 
Reset 
Recovery 
Time 
7 
7 
ns 


tSPR 
Synchronous 
Preset 
Recovery 
Time 
7 
7 
ns 


twL 
LOW 
3.5 
3.0 
ns 
Clock 
Width 
HIGH 
3.5 
3.0 
twH 
ns 


Maximum 
External 
Feedback 
I 1/(ts 
+ tca) 
100 
111 
MHz 


fMAX 
Frequency 
Internal 
Feedback 
(leNT) 
125 
133 
MHz 
(Note 4) 
No Feedback 
I 1/(tWH + tWL) 
142.8 
166 
MHz 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
7.5 
7.5 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
7.5 
7.5 
ns 


Notes: 
2. See Switching Test Circuit for test conditions. 


3. 
Skew is measured with all outputs switching in the same direction. 


4. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


~AMD 


ABSOLUTE 
MAXIMUM RATINGS 


Storage 
Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with 
Power Applied 
. . . . . . . . . . . . . . .. 
-55°C 
to + 125°C 


Supply Voltage 
with Respect 
to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-0.5 
V to Vee + 1.0 V 


DC Output or 1/0 Pin 
Voltage 
-0.5 
V to Vee + 1.0 V 


Static Discharge 
Voltage 
2001 V 


Latchup 
Current 
(TA = O°C to +75°C) 
100 mA 


Stresses above those list9d under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not impli9d. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


OPERATING 
RANGES 


COmmercial 
(C) Devices 


Ambient 
Temperature 
(TA) 


Operating 
in Free Air. 
. . . . . . . . . .. 
O°C to +75°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.75 V to +5.25 V 


Operating Ranges define those limits between which the func- 
tionality of the device is guarante9d. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless otherwise 


, T d 
sppClle 


Parameter 
Symbol 
Parameter Description 
Test COnditions 
Mln 
Max 
Unit 


VOH 
Output HIGH Vo~age 
IOH=-3.2 
mA 
VIN- VIHor VIL 
2.4 
V 


Vee - Min 


VOL 
Output LOW Vo~age 
IOL= 16 mA 
VIN = VIHor VIL 
0.4 
V 


Vee = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Vo~age for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Vo~age for all Inputs (Note 1) 


I 
hH 
Input HIGH Leakage Current 
VIN= Vee, Vee = Max (Note 2) 
10 
j!A 


ilL 
Input LOW Leakage Current 
VIN= 0 V, Vee = Max (Note 2) 
-100 
j!A 


IOZH 
Off-State Output Leakage 
VOUT= Vcc, Vee - Max, 
10 
j!A 


Current HIGH 
VIN = VILor VIH (Note 2) 


IozL 
Off-State Output Leakage 
VOUT= 0 V, Vee - Max 
-100 
j!A 


Current LOW 
VIN= VILor VIH (Note 2) 


Ise 
Output Short-Circuit 
VOUT= 0.5 V, Vcc - Max 
-30 
-130 
mA 
Current 
TA = 25° C (Note 3) 


Ice 
Supply Current 
Outputs Open, (loUT - 0 mAl, 
120 
mA 
(Dynamic) 
Vee = Max, f - 25 MHz 


Notes: 


1. rese are absolute values with respect to the device ground and all overshoots due to system and tester noise are includ9d. 


2. //0pin leakage is the worst case of IiLand lozL (or IiHand loZH). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit test should not exce9d one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN = 2.0 V 
Vcc. 
5.0 V 
5 
pF 


CaUT 
Output 
Capacitance 
VOUT. 
2.0 V 
TA·25°C 
8 
f= 
1 MHz 


Note: 
1. These parameters are not 1000/0tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
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Symbol 
Parameter 
Description 
Min 
Max 
Unit 


tpo 
Input or Feedback 
to Combinatorial 
Output 
10 
ns 


tS1 
Setup 
Time from 
Input or Feedback 
6 
ns 


tS2 
Setup 
Time from 
SP to Clock 
7 
ns 


tH 
Hold Time 
0 
ns 


I 
tco 
Clock 
to Output 
6 
ns 


tAR 
Asynchronous 
Reset 
to Registered 
Output 
13 
ns 


tARW 
Asynchronous 
Reset 
Width 
8 
ns 


tARR 
Asynchronous 
Reset 
Recovery 
Time 
8 
ns 


tSPR 
Synchronous 
Preset 
Recovery 
Time 
8 
ns 


twL 
LOW 
4 
ns 


twH 
Clock 
Width 
HIGH 
4 
ns 


Maximum 
External 
Feedback 
I l/(ts 
+ tco) 
83.3 
MHz 


fMAx 
Frequency 
Internal 
Feedback 
(ICNT) 
110 
MHz 
(Note 3) 
No Feedback 
I lI(twH 
+ tWL) 
125 
MHz 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
10 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
9 
ns 


Notes: 
2. 
See Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


~AMD 


ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with 
Power Applied 
. . . . . . . . . . . . . . .. 
-55°C 
to +125°C 


Supply Voltage with Respect 
to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-0.5 
V to Vcc + 1.0 V 


DC Output or VO Pin 
Voltage 
-0.5 
V to Vcc + 1.0 V 


Static Discharge 
Voltage 
2001 V 


Latchup 
Current 
(TA = O°C to +75°C) 
100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
abore these limits is not implied. Exposure to absolute maxi- 
mUfll ratings for extended periods may affect device reliability. 


OPERATING 
RANGES 


Commercial 
(C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.75 V to +5.25 V 


Operating Ranges define those limits between which the func- 
tionality of the d8vice is guaranteed. 


DdJ. CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless otherwise 
SPrClfied 


PRELIMINARY 


PlIrameter 


Mln 
Max 
Unit 
Symbol 
Parameter Description 
Test Conditions 


VOH 
Output HIGH Vo~age 
IoH --3.2 
mA 
VIN- VIHor VIL 
2.4 
V 


Vcc - Min 


VOL 
Output LOW Vo~age 
1oL. 16 mA 
VIN - VIHor VIL 
0.4 
V 


Vcc -Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Vo~age for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Vo~age for all Inputs (Note 1) 


liH 
Input HIGH Leakage Current 
VIN• Vcc, Vcc - Max (Note 2) 
10 
j1A 


liL 
Input LOW Leakage Current 
VIN- 0 V, Vcc - Max (Note 2) 
-100 
j1A 


loZH 
Off-State Output Leakage 
VOUT- Vcc, Vcc _ Max 
10 
j1A 


Current HIGH 
VIN - VILor VIH (Note 2) 


IozL 
Off-State Output Leakage 
VOUT- 0 V, Vcc - Max 
-100 
j1A 


Current LOW 
VIN- VILor VIH (Note 2) 


Isc 
Output Short-Circuit 
VOUT- 0.5 V, Vcc - 5 V 
-30 
-130 
mA 
Current 
TA - 25°C (Note 3) 


Ice 
Supply Current (Static) 
VIN- 0 V, Outputs Open 
55 
mA 


(lOUT- 0 mAl, Vcc - Max 


NotrS: 
1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 


2. 
/10 pin leakage is the worst case of 1{Land IoZL (or IIH and loZH). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN- 2.0 V 
I Vcc - 5.0 V 
5 


I TA = 25°C 
pF 
Cour 
Output Capacitance 
Vour - 2.0 V 
1-1 
MHz 
8 


Note: 
1. 
These parameters are not 100% tested. but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


PRELIMINARY 
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Parameter 
~ymbol 
Parameter Description 
Mln 
Max 
Unit 


tpo 
Input or Feedback to Combinatorial Output 
10 
ns 


ts 
Setup Time Irom Input, Feedback or SP to Clock 
6 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
6 
ns 


tAR 
Asynchronous Reset to Registered Output 
13 
ns 


tARW 
Asynchronous Reset Width 
8 
ns 


tARR 
Asynchronous Reset Recovery Time 
8 
ns 


tSPR 
Synchronous Preset Recovery Time 
8 
ns 


twL 
LOW 
4 
ns 


twH 
Clock Width 
HIGH 
4 
ns 


External Feedback 
I 
1/(ts + tea) 
83 
MHz 
Maximum 
lMAX 
Frequency 
Internal Feedback (ICNT) 
110 
MHz 
(Note 3) 
No Feedback 
I 
1/(twH + twL) 
125 
MHz 


tEA 
Input to Output Enable Using Product Term Control 
10 
ns 


tER 
Input to Output Disable Using Product Term Control 
9 
ns 


Notes: 
2. SeeSwitching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested. but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 


~~MD 


ABSOLUTE 
MAXIMUM RATINGS 


Storfge 
Temperature 
-65°C 
to +150°C 


Amb1ient Te~perature 
with 
° 
° 
Power Applied 
. . . . . . . . . . . . . . .. 
-55 
C to +125 C 


Sup~ly Voltage 
with Respect 
to Ground 
-0.5 
V to +7.0 V 


DC Irput 
Voltage 
-0.5 
V to Vee + 0.5 V 


DC ?utput 
or I/O Pin 
Voltage 
-0.5 
V to Vee + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Latcrup 
Current 
(TA = O°C to +75°C) 
100 mA 


Stre~ses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
aboVe these limits is not implied. Exposure to absolute maxi- 
munl ratings for extended periods may affect device reliability. 


OPERATING 
RANGES 


Commercial (C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air. 
. . . . . . . . . .. 
O°C to +75°C 


Supply Voltage 
(Vee) with 
Respect to Ground 
(H/Q-15) 
.. 
+4.75 V to +5.25 V 


Supply Voltage 
(Vcc) with 
Respect to Ground 
(H/Q-25) 
.... 
+4.5 V to +5.5 V 


Operating Ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless otherwise 
specified 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Mln 
Max 
Unh 


VOH 
Output HIGH Voltage 
IOH=-3.2 
mA 
VINz VIHor VIL 
2.4 
V 


Vee = Min 


I VOL 
Output lOW Voltage 
IOL= 16 mA 
VIN = VIHor VIL 
0.4 
V 


I 
Vee z Min 


I VIH 
Input HIGH Voltage 
Guaranteed Input logical HIGH 
2.0 
V 


Voltage for all Inputs (Note 1) 


VIL 
Input lOW Voltage 
Guaranteed Input logical lOW 
0.8 
V 


Voltage for all Inputs (Note 1) 


IIH 
Input HIGH Leakage Current 
VIN= Vee, Vee = Max (Note 2) 
10 
1IA 


ilL 
Input LOW leakage Current 
VIN= 0 V, Vee = Max (Note 2) 
-100 
1IA 


IOZH 
Off-State Output Leakage 
VOUT= Vee, Vee = Max, 
10 
1IA 
Current HIGH 
VIN = VILor VIH (Note 2) 


IOZL 
Off-State Output Leakage 
VOUT= 0 V, Vee = Max, 
-100 
1IA 


I 
Current LOW 
VIN= VILor VIH (Note 2) 


Ise 
Output Short-Circuit 
VOUT= 0.5 V, Vee = 5 V 
-30 
-130 
mA 
Current 
TA = 25°C (Note 3) 


Ice 
Supply Current 
VIN= 0 V, Outputs Open 
K- 
90 


(lOUT= 0 mAl, Vee = Max 
55 
mA 


Notefl: 


1. 
Trese are absolute values with respect to the device ground and all overshoots due to system and tester noise are included. 


2. lippin leakage is the worst case of ilL and IOZL (or IIH and IOZH). 


3. 
~ot more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN= 2.0 V 
Vcc = 5.0 V 
5 


TA = 25°C 
pF 
CoUT 
Output Capacitance 
VOUT= 2.0 V 
f= 1 MHz 
8 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


-15 
-25 
Parameter 
Symbol 
Parameter Description 
Mln 
Max 
Mln 
Max 
Unit 


tPD 
Input or Feedback to Combinatorial Output 
15 
25 
ns 


ts 
Setup Time from Input, Feedback or SP to Clock 
10 
15 
ns 


tH 
Hold Time 
0 
0 
ns 


tco 
Clock to Output 
10 
15 
ns 


tAR 
Asynchronous Reset to Registered Output 
20 
25 
ns 


tARW 
Asynchronous Reset Width 
15 
25 
ns 


tARR 
Asynchronous Reset Recovery Time 
10 
25 
ns 


tSPR 
Synchronous Preset Recovery Time 
10 
25 
ns 


twl 
LOW 
8 
13 
ns 


twH 
Clock Width 
HIGH 
8 
13 
ns 


fMAX 
Maximum 
External Feedback 
I 
1/(ts 
+ tco) 
50 
33.3 
MHz 
Frequency 
Internal Feedback (fCNT) 
58.8 
35.7 
MHz 
(Note 3) 


tEA 
Input to Output Enable Using Product Term Control 
15 
25 
ns 


tER 
Input to Output Disable Using Product Term Control 
15 
25 
ns 


Notes: 
2. 
See Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where frequency may be affected. 
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ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
wit~ Power Applied 
-55°C 
to +125°C 


Supply Voltage 
with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage 
. . . . . . . . . .. 
-0.5 
V to Vee + 1.0 V 


DC Output or I/O 
Pin Voltage 
-0.5 
V to Vee + 0.5 V 


~:~r~u~i~~~:~: 
~~It~~~~~~ 
~~~'1~~~~; . : : : . 120000~ 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. Absolute Maximum 
Ratings are for system design reference; parameters given 
are not tested. 


OPERATING 
RANGES 


Military 
(M) Devices (Note 1) 


Operating 
Case 
Temperature 
(Te) 
-55°C 
to +125°C 


Supply Voltage 
(Vee) 
with Respect to Ground 
+4.5 V to +5.5 V 


Note: 


1. Military products are tested at Tc - +2S'C. +125"C 


and -55"C, per MIL-STD-883. 


Operating Ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DO CHARACTERISTICS 
over MILITARY operating 
ranges unless 
otherwise 
specified 
(Note 2) 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Min 
Max 
Unit 


VOH 
Output HIGH Vonage 
IOH=-2.0 
mA 
VIN= VIHor VIL 
2.4 
V 
Vee = Min 


VOl. 
Output LOW Voltage 
IOL= 12 mA 
VIN = VIHor VIL 
0.4 
V 


Vee = Min 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Vonage for all Inputs (Note 3) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 
Vonage for all Inputs (Note 3) 


hH 
Input HIGH Leakage Current 
VIN= 5.5 V, Vee = Max (Note 4) 
10 
jlA 


ilL 
Input LOW Leakage Current 
VIN= 0 V, Vee = Max (Note 4) 
-10 
jlA 


IOZH 
OIf-State Output Leakage 
VOUT= 5.5 V, Vee = Max, 
10 
jlA 


Current HIGH 
VIN = VILor VIH (Note 4) 


loll 
OIf-State Output Leakage 
VOUT= 0 V, Vee = Max, 
-10 
jlA 


Current LOW 
VIN= VIHor VIL (Note 4) 


Ise 
Output Short-Circu~ 
VOUT= 0.5 V, Vee - 5 V 
-50 
-135 
mA 
Current 
TA = 25°C (Note 5) 


Ice 
Supply Current 
VIN= 0 V, Outputs Open 
I -15/-20 
120 
mA 
(lOUT= 0 mAl, Vcc = Max 
I -25/-30 
100 


Notes: 
2. 
For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
V,Land V,H are input conditions of output tests and are not themselves directly tested. VILand VIH are absolute voltages 
with respect to device ground and include all overshoots due to system and/or tester noise. Do not al/emptto test these values 
without suitable equipment. 


4. 
VOpin leakage is the worst case of hL and IozL (or hH and lozH). 


5. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VOUT- 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100% 
tested, but is evaluated at initial characterization and at any time the design is modified where Isc may be affected. 


CAPACITANCE 
(Note 1) 


Pl!rameter 


Test Conditions 
Typ 
Unit 
Symbol 
Parameter Oescrlptlon 


CIN 
Input Capacijance 
VIN. 2.0 V 
Vcc. 
5.0 V 
8 


TA = 25°C 
pF 
CooT 
Output Capacitance 
VOUT. 2.0 V 
1.1 
MHz 
9 


Nottl: 
1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
-15 
-20 
-25 
-30 
Symbol 
Parameter Oescrlptlon 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 


tpo 
Input or Feedback to Combinatorial Output 
15 
20 
25 
30 
ns 


ts 
Setup Time lrom Input, Feedback or SP 
12 
15 
18 
20 
ns 
to Clock 


tH 
Hold Time (Note 3) 
0 
0 
0 
0 
ns 


tco 
Clock to Output 
8 
15 
20 
20 
ns 


IAR 
Asynchronous Reset to Registered Output 
20 
25 
25 
30 
ns 


IARW 
Asynchronous Reset Width (Note 3) 
15 
20 
25 
30 
ns 


tARR 
Asynchronous Reset Recovery Time (Note 3) 
15 
20 
25 
30 
ns 


tSPR 
Synchronous Preset Recovery Time 
15 
20 
25 
30 
ns 


tWl 
LOW 
8 
10 
15 
15 
ns 
Clock Width 
tWH 
HIGH 
8 
10 
15 
15 
ns 


Maximum 
External Feedback 
50 
33.3 
26.3 
25 
MHz 
lMAX 
Frequency 
l/(ts + tco) 


(Note 3) 
Internal Feedback (ICNT) 
53 
40 
32.2 
25 
MHz 


tEA 
Input to Output Enable Using Product 
15 
20 
25 
25 
ns 
Term Control (Note 3) 


lER 
Input to Output Disable Using Product 
15 
20 
25 
25 
ns 
Term Control (Note 3) 


Notes: 
2. 
See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 7, 8, 9, 10, and 11 are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where these parameters may be affected. 
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SWITCHING WAVEFORMS 


Input or 
Feedback 


Combinatorial 
Output 


Input 
Asserting 
Asynchronous 
Reset 


Registered 
Output 


~~_-VT 


165648-7 
Combinatorial 
Output 


Notes: 


1. Vr=1.5V. 


2. 
Infut pulse amplitude 
0 V to 3.a V. 


3. 
Infut rise and fall times 2 ns - 5 ns typical. 


Inputor_t 
~- 


Registered 
Output 
_ 


Input 


Asserting=f 
Synchronous 
Preset 
_ 


ts 


Registered 
Output 
xXxxi~V_T 
_ 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
Steady 
Steady 
\\\\\ 


May 
Will be 
Change 
Changing 


from Hto L 
from H to L 


/7777 


May 
Will be 
Change 
Changing 
from L to H 
from L to H 


YJYJYX 


Don't Care, 
Changing, 


Any Change 
State 
Permitted 
Unknown 
}I) <K 


Does Not 
Center 


Apply 
Line is High- 
Impedance 
"Off" State 


KSOOOO10-PAL 


5V 
L 


Commercial 
Military 
Measured 
Specification 
S1 
CL 
R1 
R2 
R1 
R2 
Output Value 


tpo, tco 
Closed 
All except 
1.5 V 
H-517: 


lEA 
Z -+ H: Open 
50 pF 
3000 
3900 
3900 
7500 
1.5V 
Z -+ L: Closed 


lER 
H -+Z: Open 
5 pF 
H-517: 
H -+Z: VOH- 0.5 V 
L -+ Z: Closed 
3000 
L -+Z: Vo- + 0.5 V 
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TYPICAL IceCHARACTERISTICS 


Vcc = 5.0 V, TA = 25°C 


22V10H-7 
22V10H-10 


The splected 
"typical" 
pattern 
utilized 
50% of the device 
resources. 
Half of the macrocells 
were programmed 
as registered, 
and 
the olrer 
half were programmed 
as combinatorial. 
Half of the available 
product 
terms 
were used 
for each 
macrocell. 
On any 
vector, 
half of the outputs 
were switching. 


By utilizing 
50% of the device, a midpoint 
is defined 
for Ice. From this midpoint, a designer 
may scale the Ice graphs 
up or down to 
estimate 
the Ice requirements 
for a particular 
design. 


ENDURANCE CHARACTERISTICS 
Thk PALCE22V10 is manufactured using AMO's ad- 
vanced Electrically Erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 


Endurance 
Characteristics 


parts. As a result, the device can be erased and 
reprogrammed-a 
feature which allows 100%testing at 


the factory. 


Symbol 
Parameter 
Test Conditions 
Mln 
Unit 


tOR 
Min Pattern Data Retention Time 
Max Storage 
10 
Years 


Temperature 


Max Operating 
20 
Years 


Temperature (Military) 


N 
Min Reprogramming Cycles 
Normal Programming 
100 
Cycles 


Conditions 


ESD 
ProgramNerify 
Protection 
Circuitry 


Preload 
Feedback 


Circuitry 
Input 


~AMD 


ROBUSTNESS 
FEATURES 


The 
PALCE22V10X-Xl5 
devices 
have 
some 
unique 


features 
that 
make them 
extremely 
robust, 
especially 


wh~n 
operating 
in high-speed 
design 
environments. 


Pull-up 
resistors 
on inputs and I/O pins cause 
uncon- 
nected pins to default to a known state. Input clamping 
circuitry limits negative overshoot, 
eliminating 
the possi- 


bility of false clocking 
caused 
by subsequent 
ringing. 


A special 
noise filter makes the programming 
circuitry 


completely 
insensitive 
to any positive 
overshoot 
that 


has a pulse width of less than about 100 ns forthe /5 ver- 
sion. Selected 
/4 devices 
are also being retrofitted 
with 


these robustness 
features. 
See the chart below for de- 


vice listing. 


INPUT/OUTPUT 
EQUIVALENT SCHEMATICS FOR /5 VERSION AND SELECTED 
/4 DEVICES· 


ESD 
Protection 
and 
Clamping 


I 
I 
I 
I 
I 
I P 
. 
I 
rogrammlng 
= 
L'2n!.~!r 
_ 


Provides ESD 
Protection and 
Clamping 


Preload 
Feedback 


Circuitry 
Input 


Device 
Rev Letter 


PALCE22V10H-15 
D 


PALCE22V10H-25 
D 


PALCE22V1oo-25 
B 


Topside Marking: 


AMO CMOS PLO's are marked on top of the package in the 
following manner: 


PALCEXXXX 
Oatecode (3 numbers) Lot 10 (4 characrers)- -(Rev Letter) 


The Lot ID and Rev Letter are separated by two spaces. 


POWER-UP RESET 


The power-up 
reset feature ensures that alillip-fiops 
will 


be reset to LOW after the device has been powered 
up. 


The output 
state will depend 
on the programmed 
pat- 
ter~. This feature 
is valuable 
in simplifying 
state 
ma- 


chi'1e initialization. 
A timing 
diagram 
and 
parameter 


table are shown below. Due to the synchronous 
opera- 
tion of the power-up 
reset and the wide range of ways 
Vcc 
can 
rise to its steady 
state, 
two 
conditions 
are 


required to ensure a valid power-up 
reset. These condi- 


tions are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOW to HIGH until all applicable 
input and 


feedback 
setup times are met. 


Parameter 
Symbol 
Parameter Description 
Max 
Unit 


'tPR 
Power-up Reset Time 
1000 
ns 


ts 
Input or Feedback Setup Time 
See Switching 
twL 
Clock Width LOW 
Characteristics 


tPR ----.,I 
U 
\Vl 


~tWL 


Registered 
Active-Low 
Output 


Parameter 
Typ 


Symbol 
Parameter Description 
SKINNYDIP 
PLCC 
Un" 


Sjc 
Thermal impedance, junction to case 
15 
16 
·CIW 


Sja 
Thermal impedance, junction to ambient 
72 
54 
·CIW 


Sjma 
Thermal impedance, junction to ambient with air Ilow 
200 Ilpm air 
67 
49 
·CIW 


400 Ilpm air 
60 
43 
·CIW 


600 IIpm air 
53 
37 
·CIW 


800 Ilpm air 
46 
31 
·CIW 


PALCE22V10/S (PALCE22V10H-10) 


Measured 
at 25°C ambient. 
These parameters 
are not tested. 


Parameter 
Typ 


Symbol 
Parameter Description 
SKINNYDIP 
PLCC 
Un" 


Sjc 
Thermal impedance, junction to case 
20 
18 
·CIW 


Sja 
Thermal impedance, junction to ambient 
73 
55 
·CIW 


Sjma 
Thermal impedance, junction to ambient with air Ilow 
200 Ilpm air 
66 
48 
·CIW 


400 Ilpm air 
61 
43 
·CIW 


600 Ilpm air 
55 
40 
·CIW 


800 Ilpm air 
52 
37 
·CIW 


Plastic Sjc Considerations 


The data listed for plastic 
Sjc are for reference 
only and are not recommended 
for use in calculating 
junction 
temperatures. 
The 
heat-flow 
paths 
in plastic-encapsulated 
devices 
are complex, 
making 
the Sjc measurement 
relative 
to a specific 
location 
on the 
package 
surface. 
Tests indicate 
this measurement 
reference 
point is directly 
below 
the die-attach 
area on the bottom 
center 
of 
the package. 
Furthermore, 
Sjc tests on packages 
are performed 
in a constant-temperature 
bath, keeping 
the package 
surface 
at 
a constant 
temperature. 
Therefore, 
the measurements 
can only be used in a similar 
environment. 
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~ 
Advanced 
Micro 
Devices 
PALCE22V10Z 
Family 


Zero-Power 
24-Pin EE CMOS Versatile 
PAL Device 


;~TINCTIVECHARACTERISTICS 


• 
Zero-power CMOS technology 
- 
15 ~ 
standby current 
- 
As fast as 15 ns first-access propagation delay 
and 50 MHz fMAx(external) 


• 
Unused product term disable for reduced power 
consumption 


• 
Available In Industrial operating range 
- 
Tc = -40°C to +85°C 
- 
Vcc = +4.5 V to +5.5 V 


• 
HC- and HCT-compatlble Inputs and outputs 


• 
Electrically-erasable 
technology 
provides 


reconflgurable 
logic and full testability 


• 
10 macrocells 
programmable 
as registered 
or 


combinatorial, 
and active high or active low to 


match application 
needs 


• 
Varied product term distribution 
allows up to 16 


product terms per output for complex functions 


• 
Global asynchronous 
reset and synchronous 


preset for Initialization 


• 
Power-up 
reset for Initialization 
and register 


preload for testability 


• 
Extensive third-party 
software and programmer 


support through FusionPLD partners 


• 
24-pln SKINNYDIP and 28-pln PLCC packages 
save space 


GENERAL DESCRIPTION 
The PALCE22V10Z is an advanced PAL device built 
with 
zero-power, 
high-speed, 
electrically-erasable 


CMOStechnology. Itprovides user-programmable logic 
for replacing conventional zero-power CMOS SSI/MSI 
gates and flip-flops at a reduced chip count. 


The PALCE22V10Z provides zero standby power and 
high speed. At 15 ~ 
maximum standby current, the 


PALCE22V1OZallows battery powered operation for an 
ext~nded period. 


The ZPAL™ 
device implements the familiar Boolean 


logictransferfunction, the sum of products. The PALde- 
vice is a programmable AND array driving a fixed OR ar- 
ray. The AND array is programmed to create custom 
product terms, while the OR array sums selected terms 
at the outputs. 


The product terms are connected to the fixed OR array 
wit~ a varied distribution from 8 t016 across the outputs 
(se~ Block Diagram). The OR sum of the products feeds 


the output macrocell. Each macrocell can be pro- 
grammed as registered or combinatorial, and active 
high or active low. The output configuration is deter- 
mined by two bits controlling two multiplexers in each 
macrocell. 


AMD's FusionPLD program allows PALCE22V10Z de- 
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMD certifies that the tools 
provide accurate,quality support. By ensuring thatthird- 
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the Software Reference Guide to PLD Compliers for 
certified development systems, and the Programmer 
Reference Guide for approved programmers. 


Publicationl/15700 
Rev. C 
Amendment/O 


Issue Date: June 1993 
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BLOCK DIAGRAM 


CONNECTION 
DIAGRAMS 


Top View 


a 


~ 
()OlCO 


.£)J.=d~~~~ 
ClK/lo 
Vcc 


11 
1/09 


12 
II0a 


13 
1107 


14 
1/06 


15 
1/05 


16 
1/04 


17 
1/03 


la 
1/02 


19 
I/O, 


110 
1/00 


GND 
111 


1/07 


1/06 
1/05 
NC 


1/04 


1/03 


1/02 


Notel 


Pin 1is marked 
for orientation. 


PIN DESCRIPTION 
ClK 
= Clock 
GND 
Ground 
I 
Input 
I/O 
InpuUOutput 
NC 
No Connect 
Vcc 
SupplyVoltage 


ORDERING INFORMATION 
Commercial and Industrial Products 


AMD programmable logic products for industrial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of these elements: 


FAMILY TYPE 
PAL - Programmable Array Logic 


PAL 
T 


CE 
22 
V 
10 
Z ·15 
P 
IL OPERATING CONDITIONS 


I 
= Industrial (-40°C to +85°C) 


C = Commercial (O°Cto +75°C) 


TECHNOLOGY 
CE = CMOS Electrically Erasable 
PACKAGE TYPE 
P = 24-Pin 300 mil Plastic 


SKINNYDIP (PD3024) 


J 
= 28-Pin Plastic Leaded 


Chip Carrier (PL 028) 


S = 24-Pin Plastic Gull-Wing 


Small Outline Package 
(SO 24) 


NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
V = Versatile 


NUMBER OF OUTPUTS 


POWER 
Z = Zero Power (151JA Ice standby) 


SPEED 
-15 = 15 ns tPD 
-25 = 25 ns tPD 


Valid Combinations 


PALCE22V10Z-15 
PI, JI, SI, 


PALCE22V10Z-25 
PC,JC, SC, 


PI,JI, SI 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, 
and to check on 


newly released combinations. 
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FUNCTIONAL 
DESCRIPTION 


The 
PALCE22V10Z 
is the zero-power 
version 
of the 


PALCE22V10. 
It has all the architectural 
features 
of the 


PALCE22V10. 
In addition, the PALCE22V1 OZ has zero 


standby 
power and unused 
product term disable. 


The PALCE22V1 
OZ allows the systems engineer 
to im- 


plement the design on-chip, by programming 
EE cells to 


configure 
AND and OR gates within the device, accord- 


ing to the desired 
logic function. 
Complex 
interconnec- 
tions 
between 
gates, 
which 
previously 
required 


time-consuming 
layout, are lifted from the PC board and 


placed on silicon, where they can be easily modified dur- 
ing prototyping 
or production. 


Product terms with all connections 
opened 
assume the 


logical HIGH state; product terms connected 
to both true 


and complement 
of any single input assume the logical 


LOW state. 


The PALCE22V10Z 
has 12 inputs and 10 1/0 macro- 
cells. 
The 
macrocell 
(Figure 
1) allows 
one 
of four 


potential 
output 
configurations; 
registered 
output 


or cpmbinatorial 
1/0, active 
high 
or active 
low 
(see 


Figure 2). The configuration 
choice 
is made according 


to the 
user's 
design 
specification 
and corresponding 


programming 
of the 
configuration 
bits So-S,. 
Multi- 


plexer controls 
are connected 
to ground 
(0) through 
a 


programmable 
bit, selecting 
the "0" path through 
the 


multiplexer. 
Erasing the bit disconnects 
the control 
line 


from GND and it floats to Vcc (1), selecting the "1" path. 


The device is produced 
with a EE cell link at each input 


to the AND gate array, and connections 
may be selec- 


tively removed 
by applying 
appropriate 
voltages 
to the 


circuit. Utilizing an easily-implemented 
programming 
al- 


gorithm, 
these products 
can be rapidly programmed 
to 


any customized 
pattern. 


Variable Input/Output 
Pin Ratio 


The PALCE22V10Z 
has twelve 
dedicated 
input lines, 


and each macrocell 
output can be an 1/0 pin. Buffers for 


device 
inputs have complementary 
outputs 
to provide 


user-programmable 
input signal polarity. 
Unused 
input 


pins should be tied to Vcc or GND. 


Registered Output Configuration 


Each macrocell of the PALCE22V1 
OZ includes aD-type 


flip-flop for data storage 
and synchronization. 
The flip- 


flop 
is loaded 
on the 
LOW-to-HIGH 
transition 
of the 


clock input. In the registered 
configuration 
(S, = 0), the 


array feedback 
is from Q of the flip-flop. 


Combinatorial 
1/0 Configuration 


Any macrocell 
can be configured 
as combinatorial 
by 


selecting the multiplexer 
path that bypasses 
the flip-flop 


(S, = 1). In the combinatorial 
configuration 
the feedback 


is from the pin. 


s, 
So 
Output Configuration 


0 
0 
Registered/Active Low 


0 
1 
Registered/Active High 


1 
0 
Combinatorial/Active Low 


1 
1 
Combinatorial/Active High 


o = Programmed EE bit 
1 = Erased (charged) EE bit 


So = 0 
S, = 0 


So = 1 


S1 = 0 


Programmable Three-State Outputs 


Each output has a three-state 
output buffer with three- 


state control. 
A product 
term controls 
the buffer, allow- 


ing enable and disable to be a function of any product of 
device 
inputs 
or output 
feedback. 
The combinatorial 


output provides 
a bidirectional 
I/O pin, and may be con- 


figured 
as a dedicated 
input 
if the 
buffer 
is always 


disabled. 


Programmable 
Output Polarity 


The polarity of each macrocell 
output can be active high 


or active low, either to match output signal needs or to 
reduce 
product 
terms. 
Programmable 
polarity 
allows 


Boolean expressions 
to be written in their most compact 


form (true or inverted), 
and the output can still be of the 


desired 
polarity. 
It can 
also 
save 
"DeMorganizing" 
efforts. 


Selection 
is controlled 
by programmable 
bit So in the 


output macrocell, 
and affects both registered 
and com- 


binatorial 
outputs. 
Selection 
is automatic, 
based on the 


design specification 
and pin definitions. 
If the pin defini- 


tion and output equation 
have the same polarity, the out- 


put is programmed 
to be active high (So = 1). 


Preset/Reset 


For 
initialization, 
the 
PALCE22V10Z 
has 
additional 


Preset and Reset product terms. These terms are con- 
nected to all registered 
outputs. 
When the Synchronous 


Preset (SP) 
product 
term is asserted 
high, the output 


registers will be loaded with a HIGH on the next LOW-to- 
HIGH clock transition. 
When the Asynchronous 
Reset 


(AR) product term is asserted 
high, the output registers 


will be immediately 
loaded with a LOW independent 
of 


the clock. 


Note that preset and reset control 
the flip-flop, 
not the 


output pin. The output level is determined 
by the output 


polarity selected. 


zero-Standby 
Power Mode 


The 
PALCE22V10Z 
features 
a zero-standby 
power 


mode. When none of the inputs switch for an extended 
period (typically 
50 ns), the PALCE22V10Z 
will go into 


standby 
mode, 
shutting 
down 
most of its internal 
cir- 


cuitry. The current will go to almost zero (Icc < 151JA). 
The outputs will maintain 
the states held before the de- 


vice went into the standby 
mode. 


Product-Term 
Disable 


on~ 
programmed 
PALCE22V10Z, 
any product 
terms 


that are not used 
are disabled. 
Power 
is cut off from 


the 
e p:oduct terms so that they do not draw current. As 


shorln 
In the Icc vs. frequency 
graph, product-term 
dis- 


abling results in considerable 
power savings. This sav- 
ings is greater 
at the higher frequencies. 


Further hints on minimizing 
power consumption 
can be 


found 
in the Application 
Note "Minimizing 
Power Con- 


sumption 
with Zero-Power 
PLDs." 


Power-Up 
Reset 


I 


All flip-flops 
power-up 
to a logic LOW for predictable 


system 
initialization. 
Outputs 
of the PALCE22V10Z 
will 


depend 
on the programmed 
output 
polarity. 
The Vcc 
rise must 
be monotonic 
and the 
reset delay 
time 
is 


1000 ns maximum. 


Re~ister Preload 


The registers 
on the PALCE22V10Z 
can be preloaded 


from the output 
pins to facilitate 
functional 
testing 
of 


complex 
state machine 
designs. 
This feature allows di- 


rect loading of arbitrary states, making it unnecessary 
to 


cycle through 
long test vector sequences 
to reach a de- 
sired state. In addition, transitions 
from illegal states can 


be verified by loading illegal states and observing 
proper 
recovery. 


..." 
- 
- - 


internal 
programmed 
pattern by a device 
programmer, 


securing 
proprietary 
designs 
from competitors. 
When 


the security 
bit is programmed, 
the array will read as if 


every bit is erased, 
and preload will be disabled. 


The bit can only be erased in conjunction 
with erasure of 


the entire pattern. 


Programming and Erasing 


The PALCE22V10Z 
can be programmed 
on standard 


logic programmers. 
It also may be erased to reset a pre- 


viously 
configured 
device 
back to its virgin state. 
Era- 


sure is automatically 
performed 
by the 
programming 


hardware. 
No special erase operation 
is required. 


Quality and Testability 


The PALCE22V10Z 
offers 
a very high level of built-in 


quality. 


The erasability 
of the CMOS 
PALCE22V10Z 
allows di- 


rect testing of the device array to guarantee 
100% pro- 


gramming 
and functional 
yields. 


Technology 


The 
high-speed 
PALCE22V10Z 
is 
fabricated 
with 


AMD's 
advanced 
electrically-erasable 
(EE) 
CMOS 


process. The array connections 
are formed with proven 


EE cells. Inputs and outputs are designed 
to be compat- 


ible with HC and HCT devices. This technology 
provides 


strong input-clamp 
diodes, output slew-rate 
control, and 


a grounded 
substrate 
for clean switching. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with 
Power Applied 
. . . . . . . . . . . . . . .. 
-55°C 
to + 125°C 


Supply Voltage with Respect 
to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage 
-0.5 
V to Vce + 0.5 V 


DC Output or I/O Pin 
Voltage 
-0.5 
V to Vcc + 0.5 V 


Sta'ic 
Discharge 
Voltage 
2001 V 


Latdhup Current 
(Te = 40°C to +85°C) 
100 mA 


StrJsses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING RANGES 


Industrial 
(I) Devices 


Operating 
Case 
Temperature 
(Te) 
-40°C 
to +85°C 


Supply Voltage 
(Vee) with 
Respect to Ground 
+4.5 V to +5.5 V 


Operating Ranges define those limits between which the func- 
tionality of the device is guaranteed. 


PRELIMINARY 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unit 


VOH 
Output 
HIGH 
Voltage 
VIN = VIH or VIL 
IOH=6mA 
3.84 
V 


Vee = Min 
IOH = 20 ~A 
Vcc- 
V 
0.1 


VOL 
Output 
LOW 
Voltage 
VIN = VIH or VIL 
10L = 16 mA 
0.5 
V 


Vee = Min 
IOL = 6 mA 
0.33 
V 


IOL = 20 ~A 
0.1 
V 


VIH 
Input 
HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 
Voltage 
for all Inputs 
(Notes 
1, 2) 


VIL 
Input 
LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.9 
V 


Voltage 
for all Inputs 
(Notes 
1, 2) 


IIH 
Input HIGH 
Leakage 
Current 
VIN = Vee, Vcc 
= Max (Note 3) 
10 
~ 


ilL 
Input 
LOW 
Leakage 
Current 
VIN = 0 V, Vee 
= Max (Note 3) 
-10 
~ 


IOlH 
Off-State 
OU1put Leakage 
VOUT = Vee, Vee 
= Max 
10 
~ 
Current 
HIGH 
VIN = VIH or VIL (Note 3) 


lOlL 
Off-State 
Output 
Leakage 
VOUT = 0 V, Vcc 
= Max 
-10 
~ 
Current 
LOW 
VIN = VIH or VIL (Note 3) 


Iise 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vee = Max (Note 4) 
-30 
-150 
mA 


Ice 
Supply 
Current 
Outputs 
Open 
(lOUT = 0 mAl 
f = 0 MHz 
15 
~ 


Vee= 
Max 
f = 25 MHz 
90 
mA 


Notes: 


1. 
These are absolute values with respect to device ground and aI/ overshoots due to system or tester noise are included. 


2. 
Represents the worst case of HC and HCr standards, aI/owing compatibility with either. 
3. I/Opin leakage is the worst case of IiL and IOZL (or IiH and IOZH). 
4. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 


Symbol 
Parameter 
Description 
Test 
Condition 
Typ 
Unit 


CIN 
Input 
Capacitance 
VIN = 2.0 V 
Vcc 
= 5.0 V 
5 


TA = 25°C 
pF 


COUT 
Output 
Capacitance 
VOUT = 2.0 V 
1= 1 MHz 
8 


Note: 


1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be alfected. 


PRELIMINARY 


Rarameter 
Symbol 
Parameter 
Description 
Min 
Max 
Unit 


tpo 
Input or Feedback 
to Combinatorial 
Output 
15 
ns 


ts 
Setup 
Time lrom 
Input, 
Feedback 
or SP to Clock 
10 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock 
to Output 
10 
ns 


tAR 
Asynchronous 
Reset to Registered 
Output 
20 
ns 


t.RW 
Asynchronous 
Reset 
Width 
15 
ns 


t.RR 
Asynchronous 
Reset 
Recovery 
Time 
10 
ns 


tSPR 
Synchronous 
Preset 
Recovery 
Time 
10 
ns 


tWl. 
Clock 
Width 
LOW 
8 
ns 


tWH 
HIGH 
8 
ns 


Maximum 
External 
Feedback 
I 
1/(ls + tco) 
50 
MHz 


fMAX 


Frequency 
Internal 
Feedback 
(leNT) 
58.8 
MHz 


(Note 3) 
No Feedback 
I 
1/(tWH+ tWl) 
62.5 
MHz 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
15 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
15 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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ABSOLUTE MAXIMUM RATINGS 


Storabe Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with 
Power Applied 
. . . . . . . . . . . . . . .. 
-55°C 
to + 125°C 


Supply Voltage 
with Respect 
to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage 
-0.5 
V to Vcc + 0.5 V 


DC Output or 1/0 Pin 
, 


voltape 
-0.5 
V to Vcc + 0.5 V 


Statiq Discharge 
Voltage 
2001 V 


Latchup 
Current 
(Tc = -40°C 
to +85°C) 
100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


I 


DC fHARACTERISTICS 
over COMMERCIAL and INDUSTRIAL operating ranges unless 
oth~rwise specified 


OPERATING RANGES 


Commercial 
(C) Devices 


Ambient 
Temperature 
(TA) 
DOCto +75°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.75 V to +5.25 V 


Industrial 
(I) Devices 


Operating 
Case 
Temperature 
(Tc) 
-4DoC to +85°C 


Supply Voltage 
(Vcc) with 
Respect to Ground 
+4.5 V to +5.5 V 


Operating Ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Unit 


VOH 
Output 
HIGH 
Vohage 
VIN = VIH or VIL 
IOH = 6 mA 
3.84 
V 


Vcc 
= Min 
IOH = 20 ~A 
Vcc- 
V 


0.1 


rOL 
Output 
LOW 
Voltage 
VIN = VIH or VIL 
IOL = 16 mA 
0.5 
V 


Vcc 
= Min 
IOL = 6 mA 
0.33 
V 


IOL = 20 ~A 
0.1 
V 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Vohage 
lor all Inputs 
(Notes 
1, 2) 


VIL 
Input 
LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.9 
V 


Vohage 
lor all Inputs 
(Notes 
1, 2) 


IIH 
Input 
HIGH 
Leakage 
Current 
VIN = Vcc, 
Vcc 
= Max (Note 3) 
10 
~ 


hL 
Input LOW 
Leakage 
Current 
VIN = 0 V, Vcc 
= Max (Note 3) 
-10 
~ 


IOZH 
Off-State 
Output 
Leakage 
VOLrr = Vcc, 
Vcc 
= Max 
10 
~ 
Current 
HIGH 
VIN = VIH or VIL (Note 3) 


IOZL 
Off-State 
Output 
Leakage 
VOLrr = 0 V, Vcc 
= Max 
-10 
~ 
Current 
LOW 
VIN = VIH or VIL (Note 3) 


Isc 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V, Vcc 
= Max (Note 4) 
-30 
-150 
mA 


Ilcc 
Supply 
Current 
Outputs 
Open 
(lOUT = 0 mAl 
1=0 
MHz 
15 
~ 


Vcc= 
Max 
f = 25 MHz 
120 
mA 


Notes: 


1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
2. 
Represents the worst case of HC and HCT standards, allowing compatibility with either. 


3. va pin leakage is the worst case of hLand IOZL (or IIH and IOZH). 
4. 
~ot more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


prameter 
ymbol 
Parameter 
Description 
Test 
Condition 
Typ 
Unit 


CIN 
input 
Capacitance 
VIN = 2.0 V 
Vcc 
= 5.0 V 
5 


TA = 25°C 
pF 


GoUT 
Output 
Capacitance 
VOUT = 2.0 V 
1=1 
MHz 
8 


Note: 


1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


SWITCHING CHARACTERISTICS 
over COMMERCIAL and INDUSTRIAL operating ranges 
(Note 2) 


Parameter 


/,ymbol 
Parameter 
Description 
Min 
Max 
Unit 


tpo 
input or Feedback 
to Combinatorial 
Output 
(Note 3) 
25 
ns 


I 
ts 
Setup 
Time Irom 
input, 
Feedback 
or SP to Clock 
15 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock 10 Output 
15 
ns 


tAR 
Asynchronous 
Reset 
to Registered 
Output 
25 
ns 


1ARW 
Asynchronous 
Reset 
Width 
25 
ns 


IARR 
Asynchronous 
Reset 
Recovery 
Time 
25 
ns 


tSPR 
Synchronous 
Preset 
Recovery 
Time 
25 
ns 


tWL 
Clock 
Width 
LOW 
10 
ns 


tWH 
HIGH 
10 
ns 


Maximum 
External 
Feedback 
I 
1/(ts 
+ tco) 
33.3 
MHz 


fMAX 
Frequency 
internal 
Feedback 
(ICNT) 
35.7 
MHz 
(Note 4) 
No Feedback 
I 
1/(twH 
+ twL) 
50 
MHz 


tEA 
input to Output 
Enable 
Using 
Product 
Term 
Control 
25 
ns 


tER 
input to Output 
Disable 
Using 
Product 
Term 
Control 
25 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
This parameter is tested in Standby Mode. When the device is not in Standby Mode, the tpo will typically be 5 ns faster. 


4. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where frequency may be affected. 
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SWITCHING WAVEFORMS 


Input or 
Feedback-~==VT 


I 
Combinatorial 
Output 


Input 
Asserting 
Asynchronous 
Reset 


Registered 
Output 


Notss: 


1. 
VTc 1.5 V for Input Signals and 2.5 V for Output Signals. 


2. 
Input pulse amplitude 0 V to 3.0 V. 
3. 
Input rise and fall times 2 ns-5 ns typical. 


Inputor~t 
~_ 


Registered 
Output 
_ 


Input 


Asserting=f 
Synchronous 
Preset 
_ 


ts 
=_VT_ 


Registered 
Output 


Must be 
Steady 
\\\\\ 


May 
Change 
from 
H to L 


/77// 


May 
Change 
from 
L to H 


Don't 
Care, 
Any Change 
Permitted 


Does 
Not 
Apply 


Will be 
Steady 


Will be 
Changing 
from 
H to L 


Will be 
Changing 
from 
L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off" State 


KSOOOO10-PAL 


Measured 


Specification 
S, 
52 
CL 
R, 
R2 
Output 
Value 


tPD, tea 
Closed 
Closed 
2.5 V 


tEA 
Z---> H: Open 
Z---> H: Closed 
30 pF 
8200 
8200 
2.5 V 


Z --->L: Closed 
Z --->L: Open 


tER 
H --->Z: Open 
H --->Z: Closed 
5 pF 
H --->Z: VOH - 0.5 V 


L --->Z: Closed 
L --->Z: Open 
L --->Z: VOL + 0.5 V 
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TYPICAL IceCHARACTERISTICS 
FOR THE PALCE22V10Z-25 


Vce = 5.0 V, TA = 25°C 


..., 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II Linear 


1M 
10M 
30M 
SOM 


Ice YS. Frequency 
Graph for the PALCE22V10Z·25 


ENDURANCE CHARACTERISTICS 


The PALCE22V10Z is manufactured using AMD's ad- 
vanced Electrically Erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 


Endurance Characteristics 


parts. As a result, the device can be erased and 
reprogrammed-a 
feature which allows 100%testing at 


the factory. 


[Symbol 
Parameter 
Test Conditions 
Min 
Un" 


tOR 
Min Pattern Data Retention Time 
Max Storage Temperature 
10 
Years 


Max Operating Temperature 
20 
Years 


N 
Min Reprogramming Cycles 
Normal Programming Conditions 
100 
Cycles 


ROBUSTNESS FEATURES 


The PALCE22V10Z has some unique features that 
m'lke it extremely robust, especially when operating in 
high 
speed design 
environments. 
Input clamping 


circuitry limits negative overshoot, eliminatingthe possi- 


bility of false clocking caused by subsequent ringing. A 
special noise filter makes the programming circuitry 
completely insensitive to any positive overshoot that 
has a pulse width of less than about 100 ns. 


ESD 
Input 


Protection Transition 
and 
Detection 
Clamping 


I 
I 
I 
I 
I 


: Programming = 
~~s~~ 
_ 


Provides ESD 
Protection and 
Clamping 


Preload 
Feedback 
Input 


Circuitry 
Input 
Transition 
Detection 
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POWER-UP RESET FOR THE PALCE22V10Z-15 


The power-up 
reset feature ensures that all flip-flops will 


be reset to LOW after the device has been powered 
up. 


The output 
state will depend 
on the programmed 
pat- 


tern. This feature 
is valuable 
in simplifying 
state ma- 


chine 
initialization. 
A timing 
diagram 
and 
parameter 


table are shown below. 
Due to the synchronous 
opera- 
tion of the power-up 
reset and the wide range of ways 


VCC can 
rise to its steady 
state, 
two conditions 
are 


required to ensure a valid power-up 
reset. These condi- 


tions are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from 
LOW to HIGH 
until all applicable 
input 
and 


feedback 
setup times are met. 


Parameter 
Symbol 
Parameter Description 
Max 
Unit 


tPR 
Power-Up Reset Time 
1000 
ns 


ts 
Input or Feedback Setup Time 
See Switching 


twL 
Clock Width lOW 
Characteristics 


4Vf----------------- 
Vcc 


'~ 
tPR ---_J 
7/ 
Wl 


~tWL 


Registered 
Active-low 
Output 


The power-up 
reset feature ensures that all flip-flops will 
be reset to LOW after the device has been powered 
up. 
The output 
state will depend 
on the programmed 
pat- 


ter~. This feature 
is valuable 
in simplifying 
state 
ma- 
chine 
initialization. 
A timing 
diagram 
and 
parameter 


table are shown below. 
Due to the synchronous 
opera- 


tio~ of the power-up 
reset and the wide range of ways 


Vcc can 
rise to its steady 
state, 
four 
conditions 
are 


required to ensure a valid power-up 
reset. These condi- 
tions are: 


• 
The supply 
voltage 
prior to the Vcc rise ITlJst not 


exceed Vcc off. 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from 
LOW to HIGH 
until 
all applicable 
input 
and 


feedback 
setup times are met. 


• 
If inputs are not switching 
at the time of power-up, 


an input transition 
must take place to assure proper 


data is set-up in registers 
or to outputs. 


P~rameter 
Symbol 
Parameter Description 
Max 
Unit 


tPR 
Power-Up Reset Time 
1000 
ns 


ts 
Input or Feedback Setup Time 
See Switching 


twL 
Clock Width LOW 
Characteristics 


Vcc Off 
Supply Vo~age Prior to Power-Up 
100 
mV 


_______ 
4~Vf-V-c-C-O-ff------------------ 
Vcc 


't 
tPR 
--- 
•...•• 


----_// 
\Vl 


~tWL 


Registered 
Active-Low 
Output 
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_IND:-25 
PALLV22V1 OZ-25 


~ 
Advanced 
Micro 
Devices 
Low-Voltage, Zero-Power 24-Pin EE CMOS Versatile 
PAL Device 


DISTINCTIVE CHARACTERISTICS 
• Low-voltage operation, 3.3 V JEDEC 
• 10 macrocells programmable 
as registered or 
compatible 
combinatorial, 
and active high or active low to 
• Zero-power CMOS technology 
match application 
needs 


- 
15 ~ 
standby current 
• Varied product term distribution 
allows up to 


- 
25 ns first-access propagation delay 
16 product terms per output for complex 
functions 
• Unused product term disable for reduced 
• Global asynchronous 
reset and synchronous 
power consumption 
preset for Initialization 
• Industrial operating temperature range 
• Power-up reset for Initialization 
and register 
- 
Tc = -40°C to +85°C 
preload for testability 
• 3.3 V (CMOS) and 5 V (CMOS and TIL)- 
• Extensive third-party 
software and programmer 
compatible 
Inputs and 1/0 
support through FusionPLD partners 
• Electrically-erasable 
technology 
provides 
• 24-pln SKINNYDIP, 24-pln SOIC and 28-pln 
reconflgurable 
logic and full testability 
PLCC packages save space 


GENERAL 
DESCRIPTION 


The PALLV22V10Z is an advanced PAL device built 
with low-voltage, zero-power, high-speed, electrically- 
erasable CMOS technology. It provides user-program- 
mable logic for replacing conventional zero-power 
CMOS SSIIMSI gates and flip-flops at a reduced chip 
COj"t. 


The PALLV22V10Z provides high speed at low voltage 
and zero standby power. At 15 ~ 
maximum standby 


current, the PALLV22V10Z allows battery powered op- 
eration for an extended period. 


The ZPAL device implements the familiar Boolean logic 
transfer function, the sum of products. The PAL device 
is a programmable AND array driving a fixed OR array. 
The AND array is programmed to create custom product 
terms, while the OR array sums selected terms at the 
outputs. 


Thl product terms are connected to the fixed OR array 
with a varied distribution from 8 t016 across the outputs 


(see Block Diagram).The OR sum of the products feeds 
the output macrocell. Each macrocell can be pro- 
grammed as registered or combinatorial, and active 
high or active low. The output configuration is deter- 
mined by two bits controlling two multiplexers in each 
macrocell. 


AMD's FusionPLD program allows PALLV22V10Z de- 
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMD certifies that the tools 
provide accurate, quality support. By ensuringthat third- 
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the Software Reference Guide to PLD Compliers for 
certified development systems, and the Programmer 
Reference Guide for approved programmers. 
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BLOCK DIAGRAM 


Programmable 
AND Array 


(44 x 132) 


CONNECTION 
DIAGRAMS 


Top View 


CLK/lo 
VCC 


11 
I/Og 


12 
I/Oa 


13 
1/07 


14 
1/06 


15 
1/05 


16 
1/04 


17 
1/03 


la 
1/02 


19 
1/01 


ho 
1/00 


GND 
111 


Note: 


Pin 1is marked 
for orientation. 


PIN DESCRIPTION 


ClK 
Clock 
GND 
Ground 
I 
Input 
I/O 
Input/Output 
NC 
No Connect 
Vcc 
SupplyVoltage 


2-332 


o 
;'2 
()o>a> 


~=d~~~~ 


1/07 


1/06 
1/05 
NC 


1/04 


1/03 


1/02 


ORDERING INFORMATION 
Industrial Products 
AMD programmable logic products for industrial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of these elements: 


FAMILY TYPE 
PAL. 
Programmable Array Logic 


PAL 
LV 
22 
V 
10 
Z ·25 
P 
I 
T 
L OPERATING CONDITIONS 


I 
_ Industrial (-40oC to +85°C) 


TECHNOLOGY 
LV. 
Low-Voltage 
PACKAGE TYPE 
P - 
24-Pin 300 mil Plastic 
SKINNYDIP (PD3024) 


J 
= 28-Pin Plastic Leaded Chip 


Carrier (PL 028) 


S = 24-Pin Plastic Gull-Wing 


Small Outline Package 
(SO 024) 


NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
V • 
Versatile 


NUMBER OF OUTPUTS 


POWER 
Z • 
Zero Power (1511A Ice standby) 


SPEED 
-25 - 25 ns tpo 


V.lld 
Combinations 


PALLV22V10Z-25 
PI, JI, SI 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, 
and to check on 


newly released combinations. 
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FUNCTIONAL 
DESCRIPTION 


Thel PALL V22V1 OZ is the low-voltage, 
zero-power 
ver- 
sio~ of the PALCE22V1 
O. It has all the architectural 
fea- 


tures 
of 
the 
PALCE22V10. 
In 
addition, 
the 


PALLV22V10Z 
has zero 
standby 
power 
and unused 


product term disable. 


The PALLV22V10Z 
allows the systems 
engineer to im- 
plement the design on-chip, by programming 
EE cells to 


configure 
AND and OR gates within the device, accord- 


ing to the desired 
logic function. 
Complex 
interconnec- 
tions 
between 
gates, 
which 
previously 
required 


time-consuming 
layout, are lifted from the PC board and 


plac~d on silicon, where they can be easily modified dur- 
ing prototyping 
or production. 


Product terms with all connections 
opened 
assume the 


logical HIGH state; product terms connected 
to both true 


and complement 
of any single input assume the logical 


LOW state. 


The PALLV22V10Z 
has 12 inputs 
and 10 110 macro- 


cells. The macrocell 
(Figure 1) allows one of fourpoten- 


tial 
output 
configurations; 
registered 
output 
or 


combinatorial 
liD, active high or active low (see Figure 


2). The configuration 
choice 
is made according 
to the 


user's design specification 
and corresponding 
program- 
ming of the configuration 
bits So - S1. Multiplexer 
con- 
trols 
are 
connected 
to 
ground 
(0) 
through 
a 


programmable 
bit, selecting 
the "0" path through 
the 


multiplexer. 
Erasing the bit disconnects 
the control 
line 


from GND and it floats to Vcc (1), selecting the "1" path. 


The device is produced 
with a EE cell link at each input 


to the AND gate array, and connections 
may be selec- 


tively removed 
by applying 
appropriate 
voltages 
to the 


circuit. Utilizing an easily-implemented 
programming 
al- 


gorithm, 
these products 
can be rapidly programmed 
to 


any customized 
pattern. 


Variable Input/Output 
Pin Ratio 


The PALLV22V10Z 
has twelve 
dedicated 
input lines, 


and each macrocell 
output can be an 110 pin. Buffers for 


device 
inputs have complementary 
outputs 
to provide 


user-programmable 
input signal polarity. 
Unused 
input 


pins should be tied to Vcc or GND. 


Registered Output Configuration 


Each macrocell of the PALL V22V1 OZ includes 
aD-type 


flip-flop for data storage 
and synchronization. 
The flip- 


flop 
is loaded 
on the 
LOW-to-HIGH 
transition 
of the 


clock input. In the registered 
configuration 
(S, = 0), the 


array feedback 
is from Q of the flip-flop. 


Combinatorial 
I/O Configuration 


Any macrocell 
can be configured 
as combinatorial 
by 


selecting the multiplexer 
path that bypasses 
the flip-flop 
(Sl = 1). In the combinatorial 
configuration 
the feedback 


is from the pin. 


1 
0 


1 
1 


o 
0 
o 
1 


51 
50 
Output Configuration 


0 
0 
Registered/Active Low 


0 
1 
Registered/Active High 


1 
0 
Combinatorial/Active Low 


1 
1 
Combinatorial/Active High 


0= Programmed EE bit 
1 = Erased (charged) EE bit 


So= 0 
S1-0 


So= 1 


S1 = 0 


So = 0 
S, = 1 


So = 1 
S, = 1 


Programmable 
Three-State Outputs 


Each output 
has a three-state 
output buffer with three- 


state control. 
A product term controls 
the buffer, allow- 
ing enable and disable to be a function of any product of 
device 
inputs 
or output 
feedback. 
The 
combinatorial 


output provides 
a bidirectional 
I/O pin, and may be con- 


figured 
as a dedicated 
input 
if the 
buffer 
is always 


disabled. 


Programmable 
Output Polarity 


Th~ polarity of each macrocell 
output can be active high 


or active low, either to match output signal needs or to 
reduce 
product 
terms. 
Programmable 
polarity 
allows 


Boolean expressions 
to be written in their most compact 


form (true or inverted), 
and the output can still be of the 


desired 
polarity. 
It can 
also 
save 
"DeMorganizing" 
efforts. 


Selection 
is controlled 
by programmable 
bit So in the 


output macrocell, 
and affects both registered 
and com- 
binatorial 
outputs. 
Selection 
is automatic, 
based on the 


design specification 
and pin definitions. 
If the pin defini- 


tion and output equation 
have the same polarity, the out- 
put is programmed 
to be active high (So = 1). 


Preset/Reset 


Fo~ initialization, 
the 
PALLV22V10Z 
has 
additional 


Preset and Reset product terms. These terms are con- 
nected to all registered 
outputs. When the Synchronous 


Preset (SP) 
product 
term is asserted 
high, the output 


registers will be loaded with a HIGH on the next LOW-to- 
HIGH clock transition. 
When the Asynchronous 
Reset 


(AR) product term is asserted 
high, the output registers 


will be immediately 
loaded with a LOW independent 
of 


the clock. 


Note that preset and reset control 
the flip-flop, 
not the 


output pin. The output level is determined 
by the output 


polarity selected. 


Benefits of Lower Operating Voltage 


The PALL V22V1 OZ has an operating 
voltage 
range of 


3.0 V to 3.6 V. Low voltage 
allows for lower operating 


power consumption, 
longer battery 
life, and/or smaller 


batteries 
for notebook 
applications. 


Because power is proportional 
to the square of the volt- 


age, reduction 
of the supply voltage from 5.0 V to 3.3 V 


significantly 
reduces 
power consumption. 
This directly 


translates 
to longer battery life for portable 
applications. 


Lower power consumption 
can also be used to reduce 


the size and weight 
of the battery. 
Thus, 3.3 V designs 


facilitate 
a reduction 
in the form factor. 


A lower operating 
voltage 
results 
in a reduction 
of I/O 


voltage swings. This reduces noise generation 
and pro- 


vides a less hostile environmentfor 
board design. Lower 


operating 
voltage 
also reduces 
electromagnetic 
radia- 


tion noise and makes obtaining 
FCC approval 
easier. 
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Zero-Standby 
Power Mode 


The 
PALL V22V1 OZ features 
a zero-standby 
power 


mode. When none of the inputs switch for an extended 
period (typically 
30 ns), the PALLV22V10Z 
will go into 


standby 
mode, 
shutting 
down 
most of its internal 
cir- 


cuitfy. 
The current 
will go to almost zero (Icc < 15 ~). 
The outputs will maintain 
the states held before the de- 
vice went into the standby 
mode. 


If a macrocell 
is used in registered 
mode, switching 
pin 


CLK/lo will not affect standby 
mode status for that mac- 


rocell. 
If a macrocell 
is used 
in combinatorial 
mode, 
switching 
pin CLK/lo will affect standby 
mode status for 


that macrocell. 


This feature 
reduces 
dynamic 
lee proportional 
to the 


number of registered 
macrocells 
used. If all macrocells 


are used as registers, 
and only CLK/lo is switching, 
the 


device will not be in standby 
mode but dynamic 
lee will 


typically 
be <2 mA. This 
is because 
only the CLK/lo 
buffer will draw current. 


When any input switches, the internal circuitry is fully en- 
abled and power consumption 
returns to normal. 
This 


featyre 
results in considerable 
power savings for opera- 


tion at low to medium frequencies. 


Product-Term 
Disable 


On ~ programmed 
PALLV22V10Z, 
any product 
terms 


that are not used 
are disabled. 
Power 
is cut off from 


these 
product 
terms 
so that they do not draw current. 


Product-term 
disabling 
results 
in considerable 
power 


savings. 
This 
savings 
is 
greater 
at 
the 
higher 


frequencies. 


Further hints on minimizing 
power consumption 
can be 


found 
in the Application 
Note "Minimizing 
Power Con- 


sumption 
with Zero-Power 
PLOs." 


3.3 V (CMOS) and 5 V (CMOS and TTL)- 
Compatible Inputs and I/O 


Input voltages 
can be at TIL 
levels without 
the device 


drawing 
more current than true 3.3 V CMOS levels. Ad- 


ditionally, 
the PALL V22V1 OZcan be driven with true 5 V 


CMOS 
levels 
due 
to 
special 
input 
and 
110 
buffer 


circuitry. 


Power-Up Reset 


All flip-flops 
power-up 
to a logic LOW for predictable 


system 
initialization. 
Outputs 
of the PALLV22V1 OZ will 


depend 
on the programmed 
output 
polarity. 
The Vcc 


rise must 
be monotonic 
and the 
reset 
delay 
time 
is 


1000 ns maximum. 


Register Preload 


The registers 
on the PALLV22V10Z 
can be preloaded 


from the output 
pins to facilitate 
functional 
testing 
of 


complex 
state machine 
designs. 
This feature 
allows di- 


rect loading of arbitrary states, making it unnecessary 
to 


cycle through 
long test vector sequences 
to reach a de- 


sired state. In addition, transitions 
from illegal states can 


be verified by loading illegal states and observing 
proper 


recovery. 


security Bit 


After 
programming 
and verification, 
a PALLV22V10Z 


design can be secured by programming 
the security 
EE 


bit. Once programmed, 
this bit defeats 
readback 
of the 


internal 
programmed 
pattern by a device 
programmer, 


securing 
proprietary 
designs 
from competitors. 
When 


the security 
bit is programmed, 
the array will read as if 


every bit is erased, 
and preload will be disabled. 


The bit can only be erased in conjunction 
with erasure of 


the entire pattern. 


Programming and Erasing 


The PALLV22V10Z 
can be programmed 
on standard 


logic programmers. 
It also may be erased to reset a pre- 


viously 
configured 
device 
back to its virgin state. 
Era- 


sure is automatically 
performed 
by the programming 


hardware. 
No special erase operation 
is required. 


Quality and Testability 


The PALLV22V10Z 
offers 
a very high level of built-in 


quality. 


The erasability 
of the CMOS 
PALLV22V10Z 
allows di- 


rect testing of the device array to guarantee 
100% pro- 


gramming 
and functional 
yields. 


Technology 


The 
high-speed 
PALLV22V10Z 
is 
fabricated 
with 


AMO's 
advanced 
electrically-erasable 
(EE) 
CMOS 


process. The array connections 
are formed with proven 


EE cells. Inputs and outputs are designed 
to be 3.3 and 


5 V device compatible. 
This technology 
provides 
strong 


input-clamp 
diodes, 
output 
slew-rate 
contrOl, 
and 
a 


grounded 
substrate 
for clean switching. 
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SKlINNYDIP (PLCC) Pinouts 
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ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with 
Power Applied 
. . . . . . . . . . . . . . .. 
-55°C 
to + 125°C 


Supply Voltage 
with Respect 
to GrfUnd 
-D.5 V to +7.0 V 


DC I~put Voltage 
-0.5 
V to +5.5 V 


DC dutput 
or I/O Pin Voltage 
-0.5 
V to +5.5 V 


Static Discharge 
Voltage 
2001 V 


Latchup 
Current 
(Te = -40°C 
to +85°C) 
100 mA 


OPERATING 
RANGES 


Industrial (I) Devices 


Operating 
Case 
Temperature 
(Te) 
. 


Supply Voltage 
(Vec) with 
Respect to Ground 
. 


Operating Ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


DC fHARACTERISTICS 
over INDUSTRIAL 
operating 
ranges unless 
otherwise 
specified 


PRELIMINARY 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Unit 


VOH 
Output 
HIGH 
Voltage 
VIN = VIH or VIL 
IOH =-2 
mA 
2.4 
V 


Vee = Min 
IOH = 100 J.lA 
Vee- 
V 
0.1 


VOL 
Output 
LOW 
Voltage 
VIN = VIH or VIL 
IOL = 2 mA 
0.4 
V 


IOL = 100 J.lA 
0.1 
V 


VIH 
Input 
HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 2.0 
5.5 
V 


Voltage 
for all Inputs 
(Note 1) 


VIL 
Input 
LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 1) 


IIH 
Input 
HIGH 
Leakage 
Current 
VIN = Vcc. 
Vee 
= Max 
10 
J.1A 


IiL 
Input 
LOW 
Leakage 
Current 
VIN = 0 V. Vee 
= Max 
-10 
J.1A 


loZH 
Off-State 
Output 
Leakage 
VOUT = Vcc. 
Vcc 
= Max 
10 
J.1A 


Current 
HIGH 
VIN = VIH or VIL (Note 2) 


lOlL 
Off-State 
Output 
Leakage 
VOUT = 0 V, Vcc 
= Max 
-10 
J.1A 


Current 
LOW 
VIN = VIH or VIL (Note 2) 


Ise 
Output 
Short-Circuit 
Current 
VOUT = 0.5 V. Vee = Max (Note 3) 
-15 
-75 
mA 


Ice 
Supply 
Current 
Outputs 
Open 
(lOUT = 0 mAl 
If 
= 0 MHz 
15 
!LA 


Vcc= 
Max 
f = 25 MHz 
55 
mA 


I 
Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 


2. 
VOpin leakage is the worst case of liL and IOZL (or IIH and IOZH). 


3. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 


VOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


CAPACITANCE 
(Note 1) 


Parameter 
Symbol 
Parameter Description 
Test Condition 
Typ 
Unit 


CIN 
Input Capac~ance 
VIN- 2.0 V 
Vcc _ 3.3 V 
5 


TA _ 25°C 
pF 
Cour 
Output Capacitance 
VOUT- 2.0 V 
f -1 
MHz 
8 


Note: 
1. These parameters are not 100"..&tested. but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


PRELIMINARY 


Parameter 
Symbol 
Parameter Description 
Mln 
Max 
Unit 


tPD 
Input or Feedback to Combinatorial Output (Note 3) 
25 
ns 


ts 
Setup Time from Input. Feedback or SP to Clock 
15 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock to Output 
15 
ns 


tAR 
Asynchronous Reset to Registered Output 
25 
ns 


tARW 
Asynchronous Reset Width 
25 
ns 


tARR 
Asynchronous Reset Recovery Time 
25 
ns 


tSPR 
Synchronous Preset Recovery Time 
25 
ns 


twL 
lOW 
10 
ns 
Clock Width 
twH 
HIGH 
10 
ns 


Maximum 
External Feedback 
I 
1/(ts + tco) 
33.3 
MHz 


fMAX 
Frequency 
Internal Feedback (fCNT) 
35.7 
MHz 
(Note 4) 
No Feedback 
I 
1/(twH + tWl) 
50 
MHz 


I tEA 
Input to Output Enable Using Product Term Control 
25 
ns 


tER 
Input to Output Disable Using Product Term Control 
25 
ns 


Notes: 
2. 
See Switching Test Circuit for test conditions. 


3. 
This parameter is tested in Standby Mode. When the device is not in Standby Mode. the tpo may be slightly faster. 


4. 
These parameters are not 100% tested. but are evaluated at initial characterization and at any time 
the design is modified where frequency may be affected. 


Input or 
Feedback 


Combinatorial 
Output 


Input 
Asserting 
Asynchronous 
Reset 


Registered 
Output 


Notes: 


1. 
Vr = 1.5 V for Input Signals and 1.65 V for Output Signals. 


2. 
Input pulse amplitude a V to 3.a V. 


3. 
Input rise and fall times 2 ns - 5 ns typical. 


Feedback 
iT\--- 
jf\ 
VT 


Clock ====~~~~~ 
1---~~~ 
__t_S_1_~~~VT 


Registered 
Output 
_ 


Input 


Asserting=t 
Synchronous 
Preset 
_ 


ts 


==V=T======= 


Registered 
Output 


K~Y TO SWITCHING WAVEFORMS 


\\\\\ 


II/II 


Must be 
Steady 


May 
Change 
from 
H to L 


May 
Change 
from 
L to H 


Will be 
Steady 


Will be 
Changing 
from 
Hto 
L 


Will be 
Changing 
from 
L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off" State 


KSOOOO10-PAL 


Don't 
Care, 
Any Change 
Permitted 


Does 
Not 
Apply 


Measured 


Specification 
S1 
S2 
CL 
R1 
R2 
Output 
Value 


tPD, tco 
Closed 
Clos6c 
1.65 V 


tEA 
Z4 
H:Open 
Z 4 
H: Closed 
30 pF 
1.6Kn 
1.6Kn 
1.65 V 
Z 4 
L: Closed 
Z 4 
L: Open 


tER 
H 4Z: 
Open 
H 4Z: 
Closed 
5 pF 
H 4 
Z: VOH - 0.5 V 


L4Z: 
Closed 
L 4Z:0pen 
L 4 
Z: VOL + 0.5 V 
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ENDURANCE CHARACTERISTICS 


The PALLV22V10Z 
is manufactured 
using AMD's 
ad- 


vanced 
Electrically 
Erasable 
process. 
This technology 


uses an EE cell to replace the fuse link used in bipolar 


parts. 
As 
a result, 
the 
device 
can 
be 
erased 
and 


reprogrammed-a 
feature which allows 100% testing at 


the factory. 


Symbol 
Parameter 
Test Conditions 
Mln 
Unit 


tdR 
Min Pallern Data Retention Time 
Max Storage Temperature 
10 
Years 


Max Operating Temperature 
20 
Years 


N 
Min Reprogramming Cycles 
Normal Programming Conditions 
100 
Cycles 


ROBUSTNESS 
FEATURES 


The PALLV22V10Z-25 
has some unique features 
that 


make it extremely 
robust, especially 
when operating 
in 


high 
speed 
design 
environments. 
Input 
clamping 


circuitry limits negative overshoot, 
eliminating 
the possi- 


bility of false clocking 
caused 
by subsequent 
ringing. A 


special 
noise 
filter 
makes 
the 
programming 
circuitry 


completely 
insensitive 
to any positive 
overshoot 
that 


has a pulse width of less than about 100 ns. 


ESD 
Input 
Protection Transition 


and 
Detection 


Clamping 


I 
I 
I 
I 
I 
IProgramming = 
~~s~~ 
_ 


Provides ESD 
Protection and 
Clamping 


Preload 
Feedback 
Input 
Circuitry 
Input 
Transition 
Detection 


P9WER-UP 
RESET 


ThEl power-up 
reset feature ensures that all flip-flops will 


be 1eset to LOW after the device has been powered 
up. 
ThEj output 
state will depend 
on the programmed 
pat- 


ter~. This feature 
is valuable 
in simplifying 
state ma- 


chi~e 
initialization. 
A timing 
diagram 
and 
parameter 


table are shown below. 
Due to the synchronous 
opera- 
tio~ of the power-up 
reset and the wide range of ways 


Vcq can rise to its steady 
state, two conditions 
are re- 


quired to ensure 
a valid power-up 
reset. These condi- 


tions are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOW to HIGH until all applicable 
input and 


feedback 
setup times are met. 


P rameter 
ymbol 
Parameter Description 
Max 
Un" 


tPR 
Power-Up Reset Time 
1000 
ns 


ts 
Input or Feedback Setup Time 
See Switching 


tWL 
Clock Width LOW 
Characteristics 


Registered 
Active-Low 
Output 
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PALCE24V10H-15/25 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
Electrically 
erasable 
CMOS technology 


provides 
reconflgurable 
logic 
and full 


testability 


• 
High speed 
CMOS technology 


- 
15 ns propagation 
delay for "-15" version 


25 ns propagation 
delay for "-25" version 


• 
Outputs 
Individually 
programmable 
as 


registered 
or combinatorial 


• 
Programmable 
output 
polarity 


• 
Programmable 
enable/disable 
control 


• 
Preloadable 
output 
registers 
for testability 


• 
Automatic 
register 
reset 
on power-up 


• 
Cost-effective 
28-pln 
plastic 
SKINNYDIP 
and 


PLCC packages 


• 
Extensive 
third-party 
support 
through 


FusionPLD 
partners 
• 
Fully 
tested 
for 100% programming 
and 


functional 
yields 
and high 
reliability 


GENERAL 
DESCRIPTION 


The PALCE24V10 
is an advanced 
PAL device built with 


low-power, 
high-speed, 
electrically-erasable 
CMOS 


technology. 
Its macrocells 
provide 
a universal 
device 
architecture. 


The PALCE24V10 
utilizes the familiar 
sum-of-products 


(AND/OR) 
architecture 
that allows users to implement 
complex 
logic functions 
easily 
and efficiently. 
Multiple 


levels of combinatorial 
logic can always be reduced 
to 


sum-of-products 
form, 
taking 
advantage 
of the 
very 


wide input gates 
available 
in PAL devices. 
The equa- 


tioflS are programmed 
into the device through 
1I0ating- 
gate cells 
in the AND 
logic array that can be erased 


electrically. 


The fixed OR array allows up to eight data product terms 
per output for logic functions. 
The su m of these products 


feeds the output macrocell. 
Each macrocell 
can be pro- 


grammed 
as registered 
or combinatorial 
with an active- 


high or active-low 
output. 
The output 
configuration 
is 


determined 
by two global bits and one local bit control- 


ling four multiplexers 
in each macrocell. 


AMD's 
FusionPLD 
program 
allows 
PALCE24V10 
de- 


signs to be implemented 
using a wide a variety of popu- 
lar industry-standard 
design 
tools. 
By working 
closely 


with the 
FusionPLD 
partners, 
AMD 
certifies 
that 
the 


tools provide accurate, 
quality support. 
By ensuring that 


third-party 
tools 
are available, 
costs 
are lowered 
be- 


cause a designer does not have to buy a complete 
set of 


new tools for each device. The FusionPLD 
program 
also 


greatly reduces design time since a designer 
can use a 


tool that is already installed and familiar. 
Please refer to 


the PLD Software 
Reference 
Guide for certified 
devel- 


opment systems and the Programmer 
Reference 
Guide 


for approved 
programmers. 
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CONNECTION 
DIAGRAMS 


TO~ View 


NoJ 


Pin1is marked for orientation. 


PIN DESIGNATIONS 


ClK 
Clock 


GNq 
Ground 
I 
Input 


I/O 
Input/Output 


OE 
OutputEnable 


Vcc 
SupplyVoltage 


ClKJlo 


11 


12 


13 


14 


15 


Vcc 


16 


17 


la 


19 


110 


111 


112 


115 


114 


I/Og 


I/Oa 


1/07 


I/Oa 


1/05 


GND 


1/04 


1/03 


1/02 


1/01 


1/00 


OE/113 


o 


~ 
Ol 


_~ 
_N -=- <3 ~ 
~ 
~ 


llOa 
1107 
1106 


1105 
GND 


1104 
1103 


ORDERING INFORMATION 


Commercial 
Products 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(V lid Combination) is formed by a combination of: 


FAMILY TYPE 
PAL= 
Programmable Array Logic 


TECHNOLOGY 
CE = CMOS Electrically Erasable 


PAL 
T 


CE 
24 V 10 H ·15 P Ct 


OPERATING CONDITIONS 
C = Commercial (O°Cto +75°C) 


PACKAGE TYPE 
P = 28-Pin 300 mil Plastic 


SKINNYDIP (PD3028) 


J 
= 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 
NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
V = Versatile 


NUMBER OF FLIP-FLOPS 


POWER 
H = Half Power (115 mA Ice) 


SPEED 
-15 
15nstpo 
-25 = 25 ns tpo 


Valid Combinations 


PALCE24Vl0H-15 
I 


PALCE24Vl0H-25 
I 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


;"'I 
& 
•••• 
t::acn macrocell 
can oe configured 
as a registered 
out- 


put, combinatorial 
output, 
combinatorial 
1/0, or dedi- 
cated 
input. 
The 
programming 
matrix 
implements 
a 


prog~ammable 
AND logic array, which drives a fixed OR 


Iogiclarray. 
Buffers for device 
inputs have complemen- 


tary outputs 
to provide 
user-programmable 
input signal 


polarity. 
Pins 1 and 15 serve either as array inputs or as 


clock (CLK) and output enable (OE) for all flip-flops. 


Unused input pins should be tied directly to Vcc or GND. 
Product 
terms 
with 
all 
bits 
unprogrammed 
(discon- 


conneetea 
assume 
a logiCal LOW state. 


The programmable 
functions 
on the PALCE24V10 
are 


automatically 
configured 
from the user's design specifi- 


cation, which can be in a number of formats. 
The design 


specification 
is processed 
by development 
software 
to 


verify the design 
and create 
a programming 
file. This 


file, once downloaded 
to a programmer, 
configures 
the 


device according 
to the user's desired 
function. 


11 


";' 
0 X 
10 


11 


";' 
0 X 
10 


From 
Adjacent 
Pin 
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Configuration 
Options 


Each macrocell 
can be configured 
as one of the follow- 
ing: registered 
output, combinatorial 
output, combinato- 


rial 
1/0 
or dedicated 
input. 
In the 
registered ~tput 
configuration, 
the output buffer is enabled by the DE pin. 


In the combinatorial 
configuration, 
the buffer 
is either 


controlled 
by a product 
term or always enabled. 
In the 


dedicated 
input configuration, 
the buffer is always dis- 


abled. 


The macrocell 
configurations 
are controlled 
by the con- 
figuration 
control 
word. 
It contains 
2 global 
bits (SGO 


and SG1) and20 
local bits (SlOothrough 
Sl09 
and Sl10 
thr9ugh 
Sl19). 
SGO determines 
whether 
registers 
will 


be allowed. SG 1 determines 
whetherthe 
output buffer is 


user-controlled 
or in a fixed state. Within each macro- 
cell, SlOx, in conjunction 
with SG1 , selects the configu- 
ration of the macrocell 
and Sl1 xsets the output as either 


actIve low or active high. 


The configuration 
bits worK by acting as control 
inputs 


forthe 
multiplexers 
in the macrocell. 
There are four mul- 
tiplexers: 
a product term input, an enable select, an out- 


put select, and a feedback 
select multiplexer. 
SG1 and 


SlOx are the control 
signals for all four multiplexers. 
In 


MCo and MC9, SGO is added 
on the feedback 
multi- 
plexer. 


These configurations 
are summarized 
in table 1 and il- 
lustrated 
in figure 2. 


If the PAlCE24V1 
0 is configured 
as a combinatorial 
de- 
vice, the ClK 
and DE pins are available 
as inputs to the 


arraL!!. 
the device is configured 
with registers, the ClK 


and DE pins cannot 
be used as data inputs. 


Registered Output Configuration 


The control bit settings are SGO = 0, SG1 = 1 and SlOx = 
O. There 
is only one registered 
configuration. 
All eight 


product 
terms 
are available 
as inputs to the OR gate. 


Data polarity 
is determined 
by Sl1 x. Sl1 x is an input to 


the exclusive-OR 
gate which 
is the D input to the flip- 
flop. Sl1 x is programmed 
as 1 for inverted output or 0 


for hon-inverted 
output. 
The flip-flop 
is loaded 
on the 


lOW-to-HIGH 
transition 
of ClK. 
The feedback 
path is 


fro~ Q on the register. 
The output buffer is enabled by 


DE. 


Combinatorial 
Configurations 


The PAlCE24V10 
has three combinatorial 
output con- 


figurations: 
dedicated 
output in a non-registered 
device, 
1/0 in a non-registered 
device 
and 1/0 in a registered 


device. 


Dedicated Output in a Non-Registered 
Device 


The control settings are SGO = 1, SG1 = 0, and SlOx = O. 
All eight product terms are available to the OR gate. Be- 


AMD~ 


cause the macrocell 
is a dedicated 
output, the feedback 
is not used. 


Dedicated Input in a Non-Registered 
Device 


The control bit settings are SGO = 1, SG1 = 0 and SlOx = 
1. The output buffer is disabled. 
The feedback 
signal is 


the 1/0 pin. 


Combinatorial 
I/O in a Non-Registered 


Device 


The control settings are SGO = 1, SG1 = 1, and SlOx = 1. 
Only seven product terms are available 
to the OR gate. 


The eighth 
product 
term 
is used to enable 
the output 


buffer. The signal at the 1/0 pin is fed back to the AND 
array via the feedback 
multiplexer. 
This allows the pin to 


be used as an input. 


Combinatorial 
I/O in a Registered Device 


The control bit settings are SGO=0,SG1 =1 and SlOx =1. 
Only seven product terms are available 
to the OR gate. 


The eighth product 
term is used as the output 
enable. 


The feedback 
signal is the corresponding 
1/0 signal. 


Table 1. Macrocell Configurations 


SGO 
SG1 
SLOx 
Cell Configuration 


Device has registers 
a 
1 
a 
Registered 
Output 


a 
1 
1 
Combinatorial 1/0 


Device has no registers 


1 
a 
a 
Combinatorial 
Output 


1 
a 
1 
Dedicated Input 


1 
1 
1 
Combinatorial 110 


Programmable Output Polarity 


The polarity of each macrocell 
output can be active high 


or active low, either to match output 
signal needs or to 


reduce 
product 
terms. 
Programmable 
polarity 
allows 


Boolean expressions 
to be written in their most compact 


form (true or inverted), 
and the output can still be of the 


desired 
polarity. 
It can 
also 
save 
"DeMorganizing" 


efforts. 


Selection 
is made 
through 
a programmable 
bit Sl1 x 


which controls an exclusive-OR 
gate at the output of the 


ANDIOR 
logic. The output 
is active 
high if Sll. 
is a 0 


and active low if Sl1 x is a 1. 


~ 
AMD 
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po1wer-Up Reset 


All flip-flops 
power up to a logic LOW for predictable 
sys- 


tem initialization. 
Outputs 
of the PALCE24V10 
depend 


on rhether 
they are selected 
as registered 
or combina- 


torial. If registered 
is selected, the output will be HIGH. If 


combinatorial 
is selected, 
the output will be a function of 


the logic. 


Register Preload 


Th~ 
register 
on 
the 
PALCE24V10 
Series 
can 
be 


preloaded 
from 
the output 
pins to facilitate 
functional 


testing of complex 
state machine 
designs. 
This feature 


allows direct loading of arbitrary states, making it unnec- 
essary to cycle through 
long test vector 
sequences 
to 


reach a desired state. In addition, transitions 
from illegal 


states can be verified 
by loading 
illegal states and ob- 
serving proper recovery. 


Security Bit 


A s~curity 
bit is provided 
on the PALCE24V10 
as a de- 
terrlmt 
to unauthorized 
copying 
of the array configura- 
tion 
pattems. 
Once 
programmed, 
this 
bit 
defeats 


readback 
of the programmed 
pattern 
by a device 
pro- 


grammer, 
securing 
proprietary 
designs 
from competi- 
tors. However, 
programming 
and verification 
are also 


defeated 
by the security 
bit. The bit can only be erased 


in conjunction 
with the array during an erase cycle. 


Electronic Signature Word 


An 
electronic 
signature 
word 
is 
provided 
in 
the 


PALCE24V10. 
It consists 
of 64 bits of programmable 


memory 
that can contain 
any user-defined 
data. The 


signature 
data is always available 
to the user independ- 


ent of the security 
bit. 


Programming and Erasing 


The 
PALCE24V10 
can 
be programmed 
on standard 


logic programmers. 
It also may be erased to reset a pre- 


viously 
configured 
device 
back to its virgin state. 
Era- 


sure 
is automatically 
performed 
by the programming 


hardware. 
No special erase operation 
is required. 


Quality and Testability 


The PAL24V1 0 offers a very high level of built-in quality. 
The erasability 
if the device provides 
a direct means of 


verifying 
performance 
of all the AC and DC parameters. 


In addition, 
is verifies 
complete 
programmability 
and 


functionality 
of this device to yield the highest program- 


ming yields and post-programming 
function 
yields in the 


industry. 


Technology 


The high-speed 
PALCE24V1 
0 is fabricated 
with AMD's 


advanced 
electrically-erasable 
(EE) 
CMOS 
process. 


The array connections 
are formed with proven EE cells. 
Inputs and outputs 
are designed 
to be compatible 
with 


TIL 
devices. 
This technology 
provides 
strong 
input- 


clamp diodes, output slew-rate 
contrOl, and a grounded 


substrate 
for clean switching. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage 
with 
Respect to Ground 
-0.5 
V to + 7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-0.5 
V to Vcc + 0.5 V 


DC Output or 
1/0 Pin Voltage 
-0.5 
V to Vcc + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Latchup 
Current 
(TA = DoC to +75°C) . . . . . . . . . . . . . . . . . . .. 
100 mA 


OPERATING 
RANGES 


Commercial 
(C) Devices 
Temperature 
(TA) Operating 
in Free Air 
aoc to +75°C 


Supply Voltage 
(Vcc) 
with Respect to Ground 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func· 
tionality of the device is guaranteed. 


Stresses above those listed under Absolute Maximum Rat· 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi· 
mum Ratings for extended periods may affect device reliabil· 
ity. Programming conditions may differ. 
od CHARACTERISTICS 
over COMMERCIAL operating 
ranges unless otherwise 
sp,cified 


Pilrameter 


!>ymbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unit 


VOH 
Output 
HIGH 
Voltage 
IOH = -3.2 mA 
VIN = VIH or VIL 
2.4 
V 


Vcc = Min 


VOL 
Output 
LOW 
Voltage 
IOL = 24 mA 
VIN = VIH or VIL 
0.5 
V 


Vcc = Min 


VIH 
Input 
HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voltage 
for all Inputs 
(Note 1) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 1) 


IIH 
Input 
HIGH 
Leakage 
Current 
VIN = 5.25 V, Vcc 
= Max (Note 2) 
10 
J.1A 


ilL 
Input 
LOW 
Leakage 
Current 
VIN = 0 V, Vcc 
= Max (Note 2) 
-10 
J.1A 


IOlH 
Off·State 
Output 
Leakage 
VOLrr = 5.25 V, Vcc = Max 
10 
llA 
Current 
HIGH 
VIN = VIH or VIL (Note 2) 


lOlL 
Off· State Output 
Leakage 
VOUT = 0 V, Vcc = Max 
-10 
llA 
Current 
LOW 
VIN = VIH or VIL (Note 2) 


Isc 
Output 
Short-Circuit 
Current 
Vcc = Max VOUT = 0.5 V 
(Note 3) 
-30 
-150 
mA 


Icc 
Supply 
Current 
Outputs 
Open 
(lOUT = 0 mAl 
115 
mA 


Vcc = Max, f = 15 MHz 


Notrs: 


1. 
These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


2. 
J(Opin leakage is the worst case of ItL and IOZL 
(or I,H and IOZH ). 


3. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
rOUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Descriptions 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN = 2.0 V IVcc = 5.0 V, TA = 25°C, 
5 
pF 


GoUT 
Output Capacitance 
VOUT=2.0 V 11=1 MHz 
8 
pF 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Pa~ameter 
-15 
-25 


Symbol 
Parameter Description 
Mln 
Max 
Min 
Max 
Unit 


tpo 
Input or Feedback to Combinatorial Output 
15 
25 
ns 


ts 
Setup Time Irom Input or Feedback to Clock 
10 
12 
ns 


tH 
Hold Time 
0 
0 
ns 


tco 
Clock to Output 
10 
12 
ns 


I twL 
LOW 
6 
8 
ns 
Clock Width 
twH 
HIGH 
6 
8 
ns 


Maximum 
External Feedback 
11/(ts+tco) 
50 
41.6 
MHz 


lMAX 
Frequency 
Internal Feedback (ICNT) 
66 
50 
MHz 
(Note 3) 


No Feedback 
11/(twH+twL) 
83.3 
62.5 
MHz 


tpzx 
OE to Output Enable (Note 3) 
15 
20 
ns 


tpxz 
OE to Output Disable (Note 3) 
15 
20 
ns 


tEA 
Input to Output Enable Using Product Term Control 
15 
25 
ns 
(Note 3) 


tER 
Input to Output Disable Using Product Term Control 
15 
25 
ns 
(Note 3) 


Notes: 


2. 
See Switching Test Circuit for test conditions. 


3. 
rhese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 


Input or 
Feedback 


-~==VT 


Clock 
VT 


_______ 
~~tco 
VT 


Registered 
Output 
~ 


I 


Combinatorial 
Output 


12222E-l0 


OE to Output 
Disable/Enable 


Notes: 


1. 
Vr = 1.5 V 


2. 
Input pulse amplitude 0 V to 3.0 V. 


3. 
Input rise and fall times 2 ns-5 ns typical. 


Must be 
Steady 
\\\\\ 


May 
Change 
from Hto L 


/7771 


May 
Change 
from L to H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


Will be 
Steady 


Will be 
Changing 
from Hto L 


Will be 
Changing 
from Lto H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off" State 


KSOOOO10-PAL 


Measured 
Specification 
Sl 
CL 
R1 
R2 
Output Value 


tPD.tca 
Closed 
1,5V 


tPlX. tEA 
Z-+ H: Open 
50 pF 
1,5V 
Z -+ L: Closed 
2000 
3900 


tpxz, tER 
H -+Z: Open 
5 pF 
H -+Z: VOH- 0,5 V 
L -+ Z: Closed 
L -+Z: VOL+ 0.5 V 
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ENDURANCE CHARACTERISTICS 
The PALCE24V10 is manufactured using AMO's ad- 
vanced electrically erasable process. This technology 
uses an EE cell to replace the fuse link used in bipolar 


parts. As a result, the device can be erased and 
reprogrammed-a 
feature which allows 100%testing at 


the factory. 


Symbol 
Parameter 
Test Conditions 
Mln 
Un" 


toR 
Min Pattern Data Retention Time 
Max Storage Temperature 
10 
Years 


Max Operating Temperature 
20 
Years 


N 
Min Reprogramming Cycles 
Normal Programming Conditions 
100 
Cycles 


ESD 
ProgramNerify 
Protection 
Circuitry 


Preload 
Feedback 
Circuitry 
Input 
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~OWER-UP 
RESET 


T~e PALCE24V1 
0 has been designed 
with the capabil- 


ity to reset during 
system 
power-up. 
Following 
power- 
up, all flip-flops 
will be reset to LOW. The output 
state 


will be HIGH independent 
of the logic polarity. This fea- 
ture provides 
extra flexibility to the designer 
and is espe- 
cially valuable 
in simplifying 
state machine initialization. 
A~iming diagram 
and parameter 
table are shown below. 


Due to the synchronous 
operation 
of the power-up 
reset 


and the wide range of ways 
Vcc can rise to its steady 


state, 
two 
conditions 
are 
required 
to 
insure 
a valid 


power-up 
reset. These conditions 
are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOW to HIGH until all applicable 
input and 


feedback 
setup times are met. 


Parameter 
Symbol 
Parameter Description 
Mln 
Max 
Unh 


tPR 
Power-Up Reset Time 
1000 
ns 


ts 
Input or Feedback Setup Time 
See Switching 
twL 
Clock Width LOW 
Characteristics 


Registered 
Output 
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DISTINCTIVE CHARACTERISTICS 
• 
28-pin versatile PAL programmable 
logic 


device architecture 
• 
Electrically 
erasable CMOS technology 


provides half power (only 105 mAl at high 
speed (15 ns propagation 
delay) 


• 
14 dedicated inputs and 12 input/output 
macrocells for architectural 
flexibility 


• 
Macrocells can be registered or combinatorial, 
and active high or active low 


• 
Varied product term distribution 
allows up to 


16 product terms per output 


• 
Two clock inputs for independent functions 


GE~ERAL 
DESCRIPTION 
The PALCE26V12 is a 28-pin version of the popular 
PAL2,2V10 architecture. Built with low-power, high- 
speed, electrically-erasable 
CMOS technology, the 
PALQE26V12 offers many unique advantages. 


Device logic isautomatically configured accordingto the 
user'~ design specification. Design is simplified by de- 
sign software, allowing automatic creation of a program- 
ming file based on Boolean or state equations. The 
software can also be used to verify the design and can 
provide test vectors for the programmed device. 


The PALCE26V12 utilizes the familiar sum-of-products 
(AND/OR) architecture that allows users to implement 
complex logic functions easily and efficiently. Multiple 
levels of combinatorial logic can always be reduced 
to sum-of-products 
form, 
taking 
advantage of the 


very wide input gates available in PAL devices. The 
functions are programmed into the device through 
electrically-erasable floating-gate cells in the AND logic 
array and the macrocells. In the unprogrammed state, 
all AND product terms float HIGH. If both true and 
complement of any input are connected, the term will be 
permanently LOW. 


• 
Global asynchronous 
reset and synchronous 


preset for Initialization 
• 
Register preload for testability 
and built-in 


register reset on power-up 
• 
Space-efficient 28-pin SKINNYDIP and PLCC 
packages 


• 
Center Vcc and GND pins to Improve signal 
characteristics 


• 
Extensive third-pany 
software and 


programmer suppon through FusionPLD 
panners 


The product terms are connected to the fixed OR array 
with a varied distribution from 8 to 16across the outputs 
(see Block Diagram).The OR sum of the products feeds 
the output macrocell. Each macrocell can be pro- 
grammed as registered or combinatorial, active high or 
active low,with registered I/Opossible. The flip-flop can 
be clocked by one of two clock inputs. The output con- 
figuration is determined by four bits controlling three 
multiplexers in each macrocell. 


AMD's FusionPLD program allows PALCE26V12 de- 
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMD certifies that the tools 
provide accurate, quality support. By ensuring that third- 
party tools are available, costs are lowered because a 
designer does not have to buy a complete set of new 
tools for each device. The FusionPLD program also 
greatly reduces design time since a designer can use a 
tool that is already installed and familiar. Please refer to 
the PLD Software Reference Guide for certified devel- 
opment systems and the Programmer Reference Guide 
for approved programmers. 
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PIN DESCRIPTION 


ClK 
=Cloek 


GNp 
=Ground 
I 
= Input 


1/0 
= Input/Output 


Vea 
= Supply 
Voltage 
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ORDERING INFORMATION 
Commercial Products 


AMD commercial programmable logic products are available with several ordering options. The order number (Valid 
Combination) is formed by a combination of: 


FAMILY TYPE 
PAL = Programmable Array Logic 


TECHNOLOGY 
CE = CMOS Electrically Erasable 


NUMBER OF 
ARRAY INPUTS 


OUTPUT TYPE 
V = Versatile 


PAL 
T 


P C /4 
1L OPTIONAL PROCESSING 


Blank = Standard Processing 


PROGRAMMING DESIGNATOR 
/4 = First Revision 


(May require programmer 
update) 


'---- 
OPERATING CONDITIONS 
C = Commercial (O°C to +75°C) 


PACKAGE TYPE 
P = 28-Pin 300 mil Plastic 


SKINNYDIP (PD3028) 


J = 28-Pin Plastic Leaded Chip 


Carrier (PL 028) 


SPEED 
-15 = 15 ns tPD 
-20 = 20 ns tPD 


NUMBER OF OUTPUTS 


POWER 
H= Half Power (105 mA Ice) 


PALCE26V12H-15 


PALCE26V12H-20 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations and to check on newly released 
combinations. 


~UNCTIONAL DESCRIPTION 


The PALCE26V12 
has fourteen 
dedicated 
input lines, 
two of which can be used as clock inputs. Unused inputs 
should 
be tied directly 
to ground 
or Vcc. 
Buffers 
for 
d~vice 
inputs and feedbacks 
have both true and com- 
plementary 
outputs 
to provide 
user-selectable 
signal 
polarity. 
The 
inputs 
drive 
a programmable 
AND 
logic 
a ray, which feeds a fixed OR logic array. 


T~e OR gates feed the twelve 
I/O macrocells 
(see Fig- 
ure 1). The macrocell 
allows one of eight potential 
out- 
put configurations; 
registered 
or combinatorial, 
active 
high or active low, with register or I/O pin feedback 
(see 
Figure 2). In addition, 
registered 
configurations 
can be 
clocked 
by either of the two clock inputs. 


The configuration 
choice 
is made according 
to the us- 
er's design 
specification 
and corresponding 
program- 
ming of the configuration 
bits So-Sa 
(see Table 
1). 
Multiplexer 
controls 
initially 
float to Vcc (1) through 
a 
programmable 
cell, selecting 
the "1" path through 
the 
multiplexer. 
Programming 
the cell connects 
the control 
line to GND (0), selecting 
the "0" path. 


I 


S3 
S, 
So 
Output Configuration 


1 
0 
0 
Registered Output and Feedback, 
Active Low 


1 
0 
1 
Registered Output and Feedback, 


I 
Active High 
1 
1 
0 
Combinatorial 110, Active Low 


1 
1 
1 
Combinatorial 110, Active High 
0 
0 
0 
Registered 110, Active Low 


Q 
0 
1 
Registered 110, Active High 
0 
1 
0 
Combinatorial Output, Registered 
Feedback, Active Low 
0 
1 
1 
Combinatorial Output, Registered 
Feedback, Active High 


S:! 
Clock Input 


1 
CLK,/lo 


9 
CLK2/b 


1= Unprogrammed EE bit 
a = Programmed EE bit 


'When 
53 - 1(unprogrammed) 
the feedback 
is selected 
by51' 


When 53 - 0 (programmed). 
the feedbacl< is the apposite 
of 


that selected 
by 5 I' 


Registered or Combinatorial 


Each macrocell 
of the PALCE26V12 
includes 
aD-type 
flip-flop 
for data storage 
and synchronization. 
The flip- 


flop is loaded on the LOW-to-HIGH 
edge of the selected 
clock input. Any macrocell 
can be configured 
as combi- 
natorial 
by selecting 
a multiplexer 
path that bypasses 
the flip-flop. 
Bypass 
is controlled 
by bit S,. 


Programmable Clock 


The clock input for any flip-flop 
can be selected 
to be 
from either pin 1 or pin 4. A 2:1 multiplexer 
controlled 
by 
bit Sz determines 
the clock input. 


Programmable Feedback 


A 2:1 multiplexer 
allows the user to determine 
whether 
the 
macrocell 
feedback 
comes 
from 
the 
flip-flop 
or 
from the 110 pin, independent 
of whether 
the output 
is 
registered 
or combinatorial. 
Thus, 
registered 
outputs 
may have internal 
register 
feedback 
for higher 
speed 
(fMAXinternal), 
or I/O feedback 
for use of the pin as a 
direct input (fMAXexternal). 
Combinatorial 
outputs 
may 
have I/O feedback, 
either for use of the signal in other 
equations 
or for use as another 
direct input, or register 
feedback. 


The feedback 
multiplexer 
is controlled 
by the same bit 
(Sl) that controls 
whether 
the output 
is registered 
or 
combinatorial, 
as on the 22V1 0, with an additional 
con- 
trol bit (Sa) that allows the alternative 
feedback 
path to 
be selected. 
When Sa = 1, S, selects 
register feedback 
for registered 
outputs 
(S, = 0) and 
I/O feedback 
for 
combinatorial 
outputs 
(Sl = 1). When Sa = 0, the oppo- 
site is selected: 
I/O feedback 
for registered 
outputs and 
register feedback 
for combinatorial 
outputs. 
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Programmable 
Enable and I/O 


Each 
macrocell 
has a three-state 
output 
buffer 
con- 


trolled by an individual 
product term. Enable and disable 


can b~ a function 
of any combination 
of device inputs or 


feedback. 
The macrocell 
provides 
a bidirectional 
I/O pin 


if I/O (eedback 
is selected, 
and may be configured 
as a 


dedicated 
input if the buffer is always 
disabled. 
This is 


accomplished 
by connecting 
all inputs 
to the enable 


term, /orcing the ANO of the complemented 
inputs to be 


always 
LOW. 
To permanently 
enable 
the outputs, 
all 


input~ 
are 
left 
disconnected 
from 
the 
term 
(the 


unprogrammed 
state). 


Programmable 
Output Polarity 


The polarity of each macrocell 
output can be active high 


or active low, either to match output signal needs or to 
reduce 
product 
terms. 
Programmable 
polarity 
allows 


BoolE1anexpressions 
to be written in their most compact 


form (true or inverted). 
and the output can still be of the 


desired 
polarity. 
It can 
also 
save 
"OeMorganizing" 
efforts. 


Selection 
is controlled 
by programmable 
bit So in the 


output macrocell, 
and affects both registered 
and com- 


binat9rial 
outputs. 
Selection 
is automatic, 
based on the 


desigr 
specification 
and pin definitions. 
If the pin defini- 
tion ~nd output 
equation 
have the same 
polarity, 
the 
output is programmed 
to be active high. 


pre~et/Reset 


For 
initialization, 
the 
PALCE26V12 
has 
additional 
PresJt and Reset product terms. These terms are con- 
nected to all registered 
outputs. 
When the Synchronous 


PresJt 
(SP) 
product 
term is asserted 
high, the output 


registers will be loaded with a HIGH orthe 
next LOW-to- 


HIGH clock transition. 
When the Asynchronous 
Reset 


(AR) product term is asserted 
high, the output registers 


will be immediately 
loaded with a LOW independent 
of 
the clock. 


Note \hat preset 
and reset control 
the flip-flop, 
not the 


output pin. The output level is determined 
by the output 
polarity selected. 


Power-Up Reset 


All fli~-fIOps power 
up to a logic LOW for predictable 


systel:l 
initialization. 
Outputs 
of the PALCE26V12 
will 
be HIGH or LOW depending 
on whether 
the output 
is 


activ~ low or active high, respectively. 
The Vcc rise must 


be monotonic, 
and the 
reset 
delay 
time 
is 1000 
ns 


maxiTum. 


Register Preload 


The 
register 
on the 
PALCE26V12 
can be preloaded 


from 
the output 
pins to facilitate 
functional 
testing 
of 


complex 
state machine 
designs. 
This feature 
allows di- 


rect loading of arbitrary states, thereby 
making it unnec- 


essary to cycle through 
long test vector 
sequences 
to 


reach a desired state. In addition, transitions 
from illegal 


states 
can 
be 
verified 
by 
loading 
illegal 
states 
and 


observing 
proper recovery. 


Security Bit 


After 
programming 
and 
verification, 
a PALCE26V12 


design can be secured by programming 
the security 
bit. 


Once 
programmed, 
this 
bit defeats 
readback 
of the 


internal 
programmed 
pattern 
by a device 
programmer, 


securing 
proprietary 
designs 
from 
competitors. 
Pro- 


gramming 
the 
security 
bit disables 
preload, 
and the 


array will read as if every bit is disconnected. 
The secu- 


rity bit can only be erased in conjunction 
with erasure of 


the entire pattern. 


Programming and Erasing 


The 
PALCE26V12 
can be programmed 
on standard 


logic programmers. 
It also may be erased 
to reset a 


previously 
configured 
device 
back 
to its virgin 
state. 


Erasure is automatically 
performed 
by the programming 


hardware. 
No special erase operation 
is required. 


Quality and Testability 


The 
PALCE26V12 
offers 
a very 
high level of built-in 


quality. The erasability 
of the device 
provides 
a means 


of verifying 
performance 
of all AC and DC parameters. 


In addition, 
this verifies 
complete 
programmability 
and 


functionality 
of the device 
to provide 
the highest 
pro- 


gramming 
yields 
and 
post-programming 
functional 


yields in the industry. 


Technology 


The high-speed 
PALCE26V12 
is fabricated 
with AMO's 


advanced 
electrically 
erasable 
(EE) 
CMOS 
process. 


The array connections 
are formed with proven EE cells. 


Inputs and outputs 
are designed 
to be compatible 
with 


TIL 
devices. 
This 
technology 
provides 
strong 
input 


clamp diodes, output slew-rate 
contrOl, and a grounded 
substrate 
for clean switching. 


Registered Active-Low Output, 


Register Feedback 
Registered Active-High Output, 


Register Feedback 


Combinatorial Active-Low Output, 


Register Feedback 
Combinatorial Active-High Output, 


Register Feedback 
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• When 53 = 1 (unprogrammed) 
the feedback is selected by 5,. 


When 53 = 0 (programmed), 
the feedback is the opposite of 


that selected by 5,. 
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the feedback is selected by 8,. 
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the feedback is the opposite of 


that selected by 8,. 


.L J~~'-17 
~-b~ 
so 
V02 


• 52 
I 
~2 
'\-"., 


11;,.51 


16072C-S 


(concluded) 


OPERATING 
RANGES 


Commercial 
(C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
O°C to +75°C 


Supply Voltage 
(Vcc) 
with Respect to Ground 
..... 
+4.75 V to +5.25 V 


AB~OLUTE 
MAXIMUM RATING~ 
° 
Storape Temperature 
-65 
C to +150 C 


Ambient 
Temperature 
with 
Pow~r Applied 
-55°C 
to +125°C 


Suppfy Voltage with 
ResPFct to Ground 
-0.5 
V to +7.0 V 


DC I~put Voltage. 
. . . . . . . . . . . . .. 
-0.6 
V to +7.0 V 


DC Output or 1/0 
Pin Voltage 
-0.5 
V to Vcc + 0.5 V 


Statii 
Discharge 
Voltage 
2001 V 


Stresses above those listed under Absolute Maximum Rat· 
ings Ijlay cause permanent device failure. Functionality at or 
abov~ these limits is not implied. Exposure to Absolute Maxi· 
mum fatings 
for extended periods may affect device reliabil· 


!...:.rgramming 
conditions may differ. 


DC ~HARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless otherwise 
specified 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Un" 


VOH 
Output 
HIGH 
Voltage 
IOH= -3.2 mA 
VIN = VIH or VIL 
2.4 
V 


Vcc = Min 


VOL 
Output 
LOW 
Voltage 
IOL= 16 mA 
VIN = VIH or VIL 
0.4 
V 


Vcc = Min 


VIH 
Input HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voltage 
for all Inputs 
(Note 1) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 1) 


hH 
Input 
HIGH 
Leakage 
Current 
VIN = 5.5 V. Vcc = Max (Note 2) 
10 
j.lA 


IlL 
Input LOW 
Leakage 
Current 
VIN = 0 V. Vcc = Max (Note 2) 
-10 
j.lA 


IOZH 
Off·State 
Output 
Leakage 
VOUT= 5.5 V. Vcc = Max 
10 
j.lA 


Current 
HIGH 
VIN = VIHor VIL (Note 2) 


(lozL 
Off·State 
Output 
Leakage 
VOUT= 0 V. Vcc = Max 
-10 
j.lA 


Current 
LOW 
VIN = VIHor VIL (Note 2) 


Isc 
Output 
Short-Circuit 
Current 
VOUT= 0.5 V. Vcc = Max (Note 3) 
-30 
-160 
mA 


Icc 
Supply 
Current 
VIN = 0 V. Outputs 
Open 
(lOUT= 0 mAl 
105 
mA 


Vcc = Max 
Notes: 


1. 
Tryeseare absolute values with respect to device ground and all overshoots due to system and/or tester noise are included. 


2. 
I/O pin leakage is the worst case of IlLand IOZL(or IIHand lozH). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT= 0.5 V 
h~s been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Unh 


CIN 
Input Capacitance 
VIN = 0 V 
Vcc = 5.0 V 
5 


TA = +25°C 
pF 


GoUT 
Output 
Capacitance 
VOUT= 0 V 
f= 
1 MHz 
8 


Note: 


1. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Parameter 
-15 
-20 


Symbol 
Parameter 
Description 
Min 
Max 
Min 
Max 
Unh 


tPD 
Input or Feedback 
to Combinatorial 
Output 
15 
20 
ns 


ts 
Setup 
Time from 
Input, 
Feedback, 
or SP to Clock 
10 
13 
ns 


tH 
Hold Time 
0 
0 
ns 


teo 
Clock 
to Output 
10 
12 
ns 


tAR 
Asynchronous 
Reset 
to Registered 
Output 
20 
25 
ns 


tARW 
Asynchronous 
Reset 
Width 
15 
20 
ns 


tARR 
Asynchronous 
Reset 
Recovery 
Time 
15 
20 
ns 


tSPR 
Synchronous 
Preset 
Recovery 
Time 
10 
13 
ns 


tWL 
Clock 
Width 
LOW 
8 
10 
ns 


tWH 
HIGH 
8 
10 
ns 
Maximum 
External 
Feedback 
I 
1/Its 
+ teo) 
50 
40 
MHz 
fMAX 
Frequency 
(Note 
3) 
Internal 
Feedback 
lleNT) 
58.8 
43 
MHz 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
15 
20 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
15 
20 
ns 


Notes: 


2. 
See Switching Test Circuit for test conditions. 
3. 
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified 
where frequency may be affected. 
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SWITCHING WAVEFORMS 


Input or 
Feedback 


Combinatorial 
Output -~~-VT 


16072C-7 


Combinatorial 
Output 


Input Asserting 
Asynchronous 
Reset 


Registered 
Outputs 


Notes. 


I 
1. 
VT= 1.5 V 
2. 
Input pulse amplitude 0 V to 3.0 V. 


3. 
Input rise and fall times 2 ns-5 ns typical. 


Input or 
Feedback 


Clock 
ZXikV:Co VT 


Registered 
Output 
_ 


Input Asserting 
Synchronous 
Preset 


Registered 
Outputs 
~ 
_ 


AMOt1 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
Steady 
Steady 
\\\\\ 


May 
Will be 
Change 
Changing 
from Hto L 
from HtoL 


/7177 


May 
Will be 
Change 
Changing 
from L to H 
from Lto H 


't:IYYYX 


Don't Care. 
Changing, 


Any Change 
State 
Permitted 
Unknown 
}l) GI 


Does Not 
Center 
Apply 
Line is High- 
Impedance 
"Off" State 


KSOOOOIO·PAL 


Measured 
Specification 
5, 
CL 
R, 
R2 
Output Value 


tPO,lce 
Closed 
1.5 V 


tEA 
Z -4 H: Open 
50 pF 
1.5 V 
Z -4 L: Closed 
300n 
390n 


tER 
H -4Z: Open 
5 pF 
H -4Z: VOH- 0.5 V 
L -4 Z: Closed 
L -4Z: VOL+ 0.5 V 


~J 
i:tll ~t: uti'll 
LV ItflJld'-'tf 
lilt: 
IU:J;t;J 
1111" u::.tfU 
III 
UltJUlClI 


I 


Symbol 
Parameter 
Test Conditions 
Mln 
Unh 


toR 
Min Pattern Data Retention Time 
Max Storage Temperature 
10 
Years 


Max Operating Temperature 
20 
Years 


IN 
Min Reprogramming Cycles 
Normal Programming Conditions 
100 
Cycles 


ESD 
ProgramNerify 
Protection 
Circuitry 


Preload 
Circuitry 
Feedback 
Input 


ROBUSTNESS 
FEATURES 


The PALCE26V12H-15/20 Rev. B has some unique 
features that make it extremely robust, especially when 
operating in high speed design environments. Input 
cl~mping circuitry limits negative overshoot, eliminating 


the possibility of false clocking caused by subsequent 
ringing. A special noise filter makes the programming 
circuitry completely insensitive to any positive over- 
shoot that has a pulse width of less than about 100 ns. 


I 
I 
I 
I 
I 
I P 
. 
I 
rogrammlng 
= 
0'.0~~IL 
_ 


ESD 
Protection 
and 
Clamping 


Preload 
Feedback 


Circuitry 
Input 


Device 
Rev. Letter 


PALCE26V12H-15 
B 


PALCE26V12H-20 
B 


Topside Marking: 
AMO CMOS PLO's are marked on top of the package in the 
foiiowing manner: 


PALCExxxx 
Oatecode (3 numbers) LOT iD (4 characters) - - (Rev. Letter) 
The Lot 10 and Rev. letter are separated by two spaces. 
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POWER-UP RESET 


The power-up 
reset feature ensures that all flip-flops will 


be reset to LOW after the device has been powered 
up. 
The output 
state will depend 
on the programmed 
con- 


figuration. 
This feature 
is valuable 
in simplifying 
state 


machine 
initialization. 
A timing diagram 
and parameter 


table are shown below. 
Due to the synchronous 
opera- 
tion of the power-up 
reset and the wide range of ways 


Vcc 
can 
rise to its steady 
state, 
two 
conditions 
are 


required to ensure a valid power-up 
reset. These condi- 


tions are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOW to HIGH until all applicable 
input and feed- 


back setup times are met. 


Parameter 
Symbol 
Parameter Description 
Max 
Unh 


tpR 
Power-Up Reset Time 
1000 
ns 


Is 
Input or Feedback Setup Time 
See Switching 


tWL 
Clock Width LOW 
Characteristics 


4Vf----------------- 
Vcc 


I ~I-- 
__ 
tPR 
~., 
// 
\Vl 


~tWL 


Registered 
Active-Low 
Output 


TyPICAL THERMAL CHARACTERISTICS 


Measured 
at 25°C ambient. 
These parameters 
are not tested. 


PALCE26V12-15 


Parameter 
T 'po 


Symbol 
Parameter Description 
SKINNYDIP 
PLCC 
Unh 


Sjc 
Thermal impedance, junction to case 
19 
18 
·CIW 


Sja 
Thermal impedance, junction to ambient 
65 
55 
·CIW 


Sjma 
Thermal impedance, junction to ambient with air flow 
200 Ifpm air 
59 
48 
·CIW 


400 Ifpm air 
54 
44 
·CIW 


600 Ifpm air 
50 
39 
·CIW 


800 Ifpm air 
50 
37 
·CIW 


Plastic 
Sjc Considerations 


The data listed for plastic 
Sjc are for reference 
only and are not recommended 
for use in calculating 
junction 
temperatures. 
The 
he I t-flow paths 
in plastic-encapsulated 
devices 
are complex, 
making 
the Bjc measurement 
relative 
to a specific 
location 
on the 
paii:kage 
surface. 
Tests indicate 
this measurement 
reference 
point 
is directly 
below 
the die-attach 
area on the bottom 
center 
of 
the package. 
Furthermore, 
Bjc tests on packages 
are performed 
in a constant-temperature 
bath, keeping 
the package 
surface 
at 
a constant 
temperature. 
Therefore, 
the measurements 
can only be used in a similar 
environment. 
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~ 
Advanced 
Micro 
Devices 
PALCE29M16H-25 


24-Pin EE CMOS Programmable 
Array Logic 


D~STINCTIVE CHARACTERISTICS 


• 
Hlgh·performance 
semicustom 
logic 


replacement; Electrically 
Erasable (EE) 
technology 
allows reprogrammabillty 


• 
16 bidirectional 
user·programmable 
I/O logic 


macrocells for Combinatorial/Registered/ 
Latched operation 


• 
Output Enable controlled 
by a pin or product 


terms 


• 
Varied product term distribution 
for Increased 


design flexibility 


• 
Programmable clock selection with two clocks/ 
latch enables (LEs) and LOW/HIGH clockf[E 
polarity 


• 
Register/Latch 
Preload permits fUll logic 


verification 


• 
High speed (tPD= 25 ns, fMAX= 33 MHz and fMAX 
Internal = 50 MHz) 


• 
Full·functlon 
AC and DC testing at the factory 


for high programming 
and functional 
yields 


and high reliability 


• 
24·Pin 300 mil SKINNYDIP and 2S·pln plastic 
leaded Chip carrier packages 


• 
Extensive third-party 
software and programmer 


support through FusionPLD partners 


GFNERAL 
DESCRIPTION 


THe PALCE29M16 
is a high-speed, 
EE CMOS 
Pro- 


grkmmable 
Array Logic (PAL) device designed 
for gen- 
erallogic 
replacement 
in TIL 
or CMOS digital systems. 
It offers high speed, 
low power consumption, 
high pro- 
gramming 
yield, 
fast programming 
and excellent 
reli- 


ability. 
PAL devices 
combine 
the flexibility 
of custom 


logic with the off-the-shelf 
availability 
of standard 
prod- 


ucts, providing 
major advantages 
over other semicus- 
tom solutions 
such as gate arrays 
and standard 
cells, 


including 
reduced 
development 
time 
and low up-front 


development 
cost. 
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functions by programming the device for specific appli- 
cations. Itprovides upto 29 array inputs and 16outputs. 
It incorporates AMD's unique inpuVoutput logic macro- 
cell which provides flexible inpuVoutput structure and 
polarity, flexible feedback selection, multiple Output En- 
able choices, and a programmable clocking scheme. 
The macrocells can be individually programmed as 
combinatorial, registered, or latched with active-HIGH 
or active-LOW polarity. The flexibility of the logic macro- 
cells permits the system designer to tailor the device to 
parti1 


ularapplication requirements. 


Increased 
logic 
power 
has 
been 
built 
into 
the 


PALCE29M16 by providing a varied number of logic 
product terms per output. Eight outputs have 8 product 
terms each, four outputs have 12 product terms each, 


functions to 'be implement~d-i;;-~-~i~I~-PAL-d~;;;;: 
Each output can be dynamically controlled by a com- 
mon Output Enable pin or Output Enable product terms 
per bank of four outputs. Each output can also be per- 
manently enabled or disabled. 


System operation has been enhanced by the addition of 
common 
asynchronous-Preset 
and 
Reset prvd'-lct 


terms 
and 
a 
power-up 
Reset 
feature. 
The 


PALCE29M16 also incorporates Preload and Obser- 
vability functions which permit full logic verification of 
the design. 


The PALCE29M16 is offered in the space-saving 
300-mil SKINNYDIP package as well as the plastic 
leaded chip carrier package. 


CONNECTION 
DIAGRAMS 


Top View 


10 


I/0Fo 


I/OF, 


1/00 


1/01 


1/02 


1/03 


I/OF2 


I/OF3 


IIOE 


GND 


Note: 


Pin 1is marked 
for orientation. 


Vcc 


12 
I/OF7 


I/0Fs 


1/07 


I/0s 


1/05 


1/04 
I/0Fs 


I/OF4 


h 


I/CLKlLE 


PIN DESIGNATIONS 


CLKlLE 
Clock/Latch Enable 


GND 
Ground 


I 
Input 


I/CLK/LE 
Input or Clock/Latch Enable 


I/O 
Input/Output 


I/OF 
InpuVOutputwith Dual Feedback 


NC 
No Connection 


I/OF1 


1/00 


1/01 


NC 


1/02 


1/03 


I/OF2 


IIOFS 


1/07 
I/OS 


NC 


1105 
1104 
I/0Fs 


ORDERING INFORMATION 
Commercial Products 
~MD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 


FAMILY TYPE 
PAL- 
Programmable Array Logic 


PAL 
CE 
29 
M 
T 


16 H -25 PC 
/4L 


OPTIONALPROCE~NG 


Blank - Standard processing 


PROGRAMMING REVISION 
/4 - 
First Revision 
(Requires current 
programming Algorithm) 


TECHNOLOGY 
CE - 
CMOS Electrically Erasable 


OUTPUT TYPE 
M - Advanced Macrocell 


TEMPERATURE RANGE 
C _ Commercial (O°Cto +75°C) 


POWER 
H - 
Hall Power (100 mAl 


PACKAGE TYPE 
P - 
24-Pin Plastic SKINNYDIP 
(PD3024) 


J 
- 
28-Pin Plastic Leaded Chip 
Carrier (PL 028) 


SPEED 
-25 - 
25 ns 


Valid Combinations 


Valid Combinations lists configurations planned to 
be supported in volume for this device. Consu~ the 
local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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FUNCTIONAL 
DESCRIPTION 


Inputs 


The PALCE29M16 
has 29 inputs to drive each product 


term \up to 58 inputs with both TRUE and complement 
versions 
available 
to the AND array) 
as shown 
in the 


block 
diagram 
in Figure 
1. Of these 
29 inputs, 
3 are 


dedicated 
inputs, 16 are from 8 I/O logic macrocells 
with 


two feedbacks, 
8 are from other 
I/O logic macrocells 


with single feedback, 
one is the I/OE input and one is the 


I/CLKlLE 
input. 


Initially the AND-array 
gates are disconnected 
from all 


the inputs. This condition 
represents 
a logical TRUE for 


the AND array. By selectively 
programming 
the EEcells, 
the AND array may be connected 
to either the TRUE in- 
put or the complement 
input. When both the TRUE and 


complement 
inputs are connected, 
a logical FALSE re- 
sults at the output of the AND gate. 


Product Terms 


The degree of programmability 
and complexity 
of a PAL 


device is determined 
by the number of connections 
that 


form the programmable-AND 
and OR gates. Each pro- 


grammable-AND 
gate 
is called 
a product 
term. 
The 


PALCE29M16 
has 
188 product 
terms; 
176 of these 


product terms provide 
logic capability 
and 12 are archi- 
tectural 
or control 
product terms. Among the 12 control 


product 
terms, 
two 
are for 
common 
Asynchronous- 


Preset and Reset, one is for Observability, 
and one is for 


Preload. 
The other 
eight 
are common 
Output 
Enable 


product terms. The Output 
Enable of each bank of four 


macrocells 
can be programmed 
to be controlled 
by a 


common 
Output 
Enable pin or two AND/XOR 
product 


terms. 
It may be also permanently 
enabled 
or perma- 


nently disabled. 


Each product 
term on the PALCE29M16 
consists 
of a 


58-input 
AND gate. The outputs of these AND gates are 


connected 
to a fixed-OR 
plane. 
Product terms are allo- 


cated to OR gates in a varied distribution 
across the de- 


vice ranging from 8 to 16 wide, with an average 
of 11 


logic product terms per output. An increased 
number of 


product terms per output allows more complex functions 
to be implemented 
in a single PAL device. This flexibility 


aids in implementing 
functions 
such as counters. 
exclu- 


sive-OR 
functions, 
or complex 
state machines, 
where 


different 
states 
require 
different 
numbers 
of product 


terms. 


Common 
asynchronous-Preset 
and 
Reset 
product 


terms are connected 
to all Registered 
or Latched 
I/Os. 


When 
the 
asynchronous-Preset 
product 
term 
is as- 


serted (HIGH) all the registers 
and latches will immedi- 


ately be loaded with a HIGH, independent 
of the clock. 


When the asynchronous-Reset 
product term is asserted 
(HIGH) all the registers 
and latches will be immediately 


loaded with a LOW, independent 
of the clock. The actual 


output state will depend on the macrocell 
polarity selec- 


tion. The latches must be in latched mode (not transpar- 
ent mode) for the Reset, Preset, Preload, 
and power-up 


Reset modes to be meaningful. 


Input/Output Logic Macrocells 


The I/O logic macrocell 
allows the user the flexibility 
of 


defining the architecture 
of each input or output on an in- 


dividual basis. It also provides the capability 
of using the 


associated 
pin either as an input or an output. 


The PALCE29M16 
has 16 macrocells, 
one for each I/O 


pin. Each I/O macrocell 
can be programmed 
for combi- 


natorial, 
registered 
or latched operation 
(see Figure 2). 


Combinatorial 
output is desired when the PAL device is 


used to replace combinatorial 
glue logic. Registers 
and 


Latches 
are used in synchronous 
logic applications. 


Common IIOE Pin 


OE PTs For Banks 
{ 


014 MacroceUs 


Common 
Asynchronous Preset 


CLKIT 


IICLK/IT 


Figure 
2a. PALCE29M16 
Macrocell 
(Single 
Feedback) 


PALCE29M16H·25 


The output polarity 
for each 
macrocell 
in each of the 


three 
modes 
of operation 
is user-selectable. 
allowing 


CO~Iplete flexibility 
of the macrocell 
configuration. 


Ei ht of the macrocells 
(I/OFo-l/OF7) 
have two inde- 


pe dent feedback 
paths to the AND array (see Figure 


2b). The first is a dedicated 
I/O pin feedback 
to the AND 


arrilY for combinatorial 
input. The second path consists 


of a direct register/latch 
feedback 
to the array. If the pin 


is used as a dedicated 
input using the first feedback 


pa~h, the register/latch 
feedback 
path is still available 
to 


th~ AND array. This path provides the capability 
of using 


th~ register/latch 
as a buried 
state register/latch. 
The 


ot er eight macrocells 
have a single feedback 
path to 


th 
AND 
array. 
This 
feedback 
is user-selectable 
as 


either 
an 
I/O 
pin 
or a register/latch 
feedback 
(see 


Figure2a). 


Each macrocell 
can provide true inpuVoutput 
capability. 
Thr user can select each macrocell 
register/latch 
to be 


dr{' en by either the signal generated 
by the AND-OR ar- 


ra 
orthe 
I/O pin. When the I/O pin is selected 
as the in- 


pu , the feedback 
path provides 
the register/latch 
input 


to 
he array. When used as an input, each macrocell 
is 


alSiouser-programmable 
for registered, 
latched, or com- 


binatorial 
input. 


The PALCE29M16H 
has a dedicated 
CLKlLE 
pin and 


an I/CLKlLE 
pin. All macrocells 
have a programmable 


s~' ch to choose between these two pins as the clock or 
lat h enable signal. These signals are clock signals for 
m 
I crocells configured 
as registers and latch enable sig- 
nals for macrocells 
configured 
as latches. The polarity of 


these 
CLKlLE 
signals 
is also individually 
programma- 
ble. Thus different 
registers 
or latches can be driven by 


different 
clocks and clock phases. 


I 
T~e Output-Enable 
mode of each of the macrocells 
can 


b 
selected 
by the user. The I/O pin can be configured 


as an output 
pin (permanently 
enabled) 
or as an input 


pi 
(permanently 
disabled). 
It can also be configured 
as 


a dynamic 
I/O controlled 
by the Output Enable pin or by 


two AND-XOR 
product 
terms 
which 
are available 
for 


each bank of four I/O Logic Macrocells. 


I/O Logic Macrocell Configuration 


AMD's 
unique 
I/O 
macrocell 
offers 
major 
benefits 


through 
its versatile, 
programmable 
inpuVoutput 
cell 


structure, 
multiple clock choices, flexible Output Enable 


and feedback 
selection. 
Eight I/O macrocells 
with single 


feedback 
contain 
9 EE cells, while the other 
eight ma- 


croce lis contain 
8 EE cells for programming 
the inpuV 


output functions 
(see Table 1). 


EE cell S1controls whether the macrocell 
will be combi- 


natorial or registered/latched. 
So controls the output po- 


larity 
(active-HIGH 
or 
active-LOW). 
S2 determines 


whether 
the storage 
element 
is a register 
or a latch. S3 


allows the use of the macrocell 
as an input register/latch 


or as an output register/latch. 
It selects the direction 
of 


the data path through the register/latch. 
If connected 
to 


the usual AND-OR 
array output, the register/latch 
is an 


output connected 
to the I/O pin. If connected 
to the I/O 


pin, the register/latch 
becomes 
an input register/latch 
to 


the AND array using the feedback 
data path. 


Programmable 
EE cells S4 and Ss allow the user to se- 


lect one of the four CLKlLE 
signals for each macrocell. 


S6 and S7 are used to control Output Enable as pin con- 
trolled, 
two-product-term-controlled, 
permanently 
en- 


abled or permanently 
disabled. 
Sa controls 
a feedback 


multiplexer 
for the macrocells 
with a single 
feedback 


path only. 


Using the programmable 
EE cells So-Sa various 
input 


and output configurations 
can be selected. 
Some of the 


possible 
configuration 
options 
are shown 
in Figure 3. 


In the unprogrammed 
state (charged, 
disconnected), 
an 


architectural 
cell is said to have a value of "1 "; in the pro- 


grammed 
state (discharged, 
connected 
to GND), an ar- 


chitectural 
cell is said to have a value of "0." 


CQ!D[T10n 
UOE Pin 


OE PTs For Banks { 


of 4 Macrocells 
Common 
Asynchronous 
Proset 


PO 


elK/IT 


IIClK/IT 


Common 


Asynchronous 


Reset 


To AND Array 


To AND Array 


Figure 
2b. PALCE29M16 
Macrocell 
(Dual 
Feedback) 
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53 
1I0ceU 


1 
Output Cell 


0 
Input Cell 


52 
5torage 
Element 


1 
Register 


0 
Latch 


51 
Output Type 


1 
Combinatorial 


0 
RegisteriLatch 


So 
Output Polarity 


1 
Active LOW 


0 
Active HIGH 


58 
Feedback" 


1 
RegisteriLatch 


0 
I/O 


54 
55 
Clock Edge/Latch 
Enable Level 


1 
1 
CLKlLE pin positive-going edge, active-LOW LE 


1 
0 
CLKlLE pin negative-going edge, active-HIGH LE 


0 
1 
I/CLKlLE pin positive-going edge, active-LOW LE 


0 
0 
I/CLKlLE pin negative-going edge, active-HIGH LE 


56 
57 
Output Buffer Control 


1 
1 
Pin-Controlled Three-State Enable 


1 
0 
XOR PT-Controlled Three-State Enable 


0 
1 
Permanently Enabled (Output only) 


0 
0 
Permanently Disabled (Input only) 


Notes: 
1= Erased State (charged or disconnected). 


0= Programmed State (discharged or connected) . 


•Active-LOW LE means that data is stored when the LE pin is HIGH, and the latch is transparent when the LE pin is LOW. 
Active-HIGH LE means the opposite. 


AMD rt 


soME 
POSSIBLE CONFIGURATIONS 
OF THE INPUT/OUTPUT 
LOGIC MACROCELL 


(FOr~ther useful configurations. 
please referto the macrocell diagrams 
in Figure 2. All macrocell 
architecture 
cells are 
independently 
programmable). 


08740G-7 


Output Combinatorial/Active 
Low 


08740G-9 


Output Combinatorial/Active 
High 


50= , 
5, =0 
53= 
, 
58=0 
52= , 


08740G-10 


Output Registered/Active 
Low, 
I/O Feedback 
Output Combinatorial/Active 
Low, 


I/O Feedback 


50=0 
5, =0 
53= , 
58=0 
52=0 


08740G-12 


Output Latched/Active 
High, 
I/O Feedback 


50-0 
5,-1 
53-' 
58-0 


08740G-13 


Output Combinatorial/Active 
High, 


I/O Feedback 


Figure 3b. Single Feedback Macrocells 
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POSSIBLE CONFIGURATIONS 
OF THE INPUT/OUTPUT 
LOGIC MACROCELL 


50= 
1 


51 =0 
53= 1 
5a= 1 
52= 
1 


08740G-14 


Output 
Registered/Active 
Low, 
Register 
Feedback 


08740G-15 


Output 
Combinatorial/Active 
Low, 


Register 
Feedback 


50= 
1 
5, =0 
53= 1 
5a= 
, 
52=0 


08740G-16 


Output 
Latched/Active 
Low, 
Latched 
Feedback 


08740G-17 


Output 
Combinatorial/Active 
Low, 


Latched 
Feedback 


S3= 
0 
S8 = 1 (For Single Feedback Only) 
S2 = 1 Register 
= 0 Latch 


Po 
er-Up Reset 


All f~P-f10PSpower up to a logic LOW for predictable 
sys- 


tem initialization. 
The outputs 
of the PALCE29M16 
de- 


pen, 
on whether 
they 
are selected 
as registered 
or 


colT1binatorial. If registered 
is selected, the output will be 


LOW if programmed 
as active 
LOW and HIGH if pro- 
graTmed 
as active HIGH. 
If combinatorial 
is selected, 
the Jutput 
will be a function 
of the logic. 


pr~load 


To j'mPlifY 
testing, 
the PALCE29M16 
is designed 
with 


prel 
ad circuitry 
that provides 
an easy method for test- 


ing 
ogical 
functionality. 
Both 
product-term-controlled 


and supervoltage-enabled 
preload 
modes 
are 
avail- 


abl~ The TIL -level preload 
product term can be useful 


duri 
g debugging, 
where 
supervoltages 
may 
not be 


ava lable. 


prelbad 
allows 
any arbitrary 
state value to be loaded 


intolthe 
registers/latches 
of the device. 
A typical func- 


tion~l-test 
sequence 
would be to verify all possible state 


transitions 
forthe 
device being tested. This requires the 


ability to set the state registers 
into an arbitrary "present 


sta~" 
value and to set the device's 
inputs into an arbi- 
tra 
''present 
input" value. Once this is done, the state 


ma hine is clocked 
into a new state, 
or "next state," 


Whi~h can be checked 
to validate the transition 
from the 


"prefsent 
state." 
In this 
way 
any 
transition 
can 
be 


che 
ked. 


Sin~e preload can provide the capability 
to go directly to 


any desired 
arbitrary 
state, 
test 
sequences 
may 
be 


gre 
tly 
shortened. 
Also, 
all possible 
states 
can 
be 


testr.d, thus greatly 
reducing test time and development 


COSt and guaranteeing 
proper in-system 
operation. 


Obfervability 


Thel_output 
register/latch 
observability 
product 
term, 


whE1n asserted, 
suppresses 
the combinatorial 
output 


dattfrom 
appearing 
on the I/O pin and allows the obser- 


,atl 


l 


0 ofthe root",,, 
ofIho,og;,""""h 
00 lhe"'pu' 


pin for each of the logic macrocells. 
This unique feature 


allows for easy debugging 
and tracing of the buried state 


machines. 
In addition, 
a capability 
of supervoltage 
ob- 


servability 
is also provided. 


Security Cell 


A security cell is provided on each device to prevent un- 
authorized 
copying 
of the user's 
proprietary 
logic de- 


sign. Once programmed, 
the security 
cell disables 
the 


programming, 
verification, 
preload, 
and 
the 
obser- 


vability modes. The only way to erase the protection 
cell 


is by erasing 
the entire array and architecture 
cells, in 


which case no proprietary 
design can be copied. 
(This 


cell should be programmed 
only after the rest of the de- 


vice has been completely 
programmed 
and verified.) 


Programming and Erasing 


The 
PALCE29M16 
can be programmed 
on standard 


logic programmers. 
It may also be erased to reset a pre- 


viously 
configured 
device 
back to its virgin state. 
Era- 


sure 
is automatically 
performed 
by the programming 


hardware. 
No special erasure operation 
is required. 


Quality and Testability 


The 
PALCE29M16 
offers 
a very 
high level of built-in 


quality. 
The erasability 
of the device 
provides 
a direct 


means of verifying performance 
of all the AC and DC pa- 


rameters. 
In addition, 
this 
verifies 
complete 
progr- 


ammability 
and functionality 
of the device 
to yield the 


highest programming 
yield and post-programming 
func- 


tional yield in the industry. 


Technology 


The high-speed 
PALCE29M16 
is fabricated 
with AMD's 


advanced 
electrically-erasable 
(EE) 
CMOS 
process. 


The array connections 
are formed with proven EE cells. 


Inputs and outputs 
are designed 
to be compatible 
with 


TIL 
devices. 
This technology 
provides 
strong 
input- 


clamp diodes, output slew-rate 
control, 
and a grounded 


substrate 
for clean switching. 


----- 
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ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to 
+7.0 V 


DC Input Voltage 
-0.5 
V to Vcc + 0.5 V 


DC Output or 1/0 
Pin Voltage 
-0.5 
V to Vee + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Latchup 
Current 
(TA = DoC to +75°C) 
100 mA 


Stresses above those listed under Absolute Maximum Rat· 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi· 
mum Ratings for extended periods may affect device reliabil· 
ity. Programming conditions may differ. 


OPERATING 
RANGES 


Commercial (C) Devices 
Ambient 
Temperature 
(TA) 
Operating 
in Free Air. 
. . . . . . . . . . .. 
DoC to 75°C 


Supply Voltage 
(Vce) 
with Respect to Ground 
4.75 V to 5.25 V 


Operating ranges define those limits between which the func· 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless 
otherwise 
specified 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Min 
Max 
Unit 


VOH 
Output HIGH Voltage 
IOH=-2 
mA 
VIN= VIHor VIL 
2.4 
V 


Vee = Min 


VOL 
Output LOW Voltage 
IOL= 8 mA 
VIN = VIHor VIL 
0.5 


IOL= 4 mA 
Vee = Min 
0.33 
V 


IOL= 20 ~A 
0.1 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Voltage for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Voltage for all Inputs (Note 1) 


IIH 
Input HIGH Leakage Current 
VIN= 5.5 V, Vee = Max (Note 2) 
10 
lJ.A 


IlL 
Input LOW Leakage Current 
VIN = 0 V, Vee = Max (Note 2) 
-10 
lJ.A 


IOZH 
Off·State Output Leakage 
VOUT= 5.5 V. Vee = Max 
10 
lJ.A 


Current HIGH 
VIN= VIHor VIL (Note 2) 


IOZL 
Off·State Output Leakage 
VOUT= 5.5 V. Vee = Max 
-10 
lJ.A 


Current LOW 
VIN= VIHor VIL (Note 2) 


Ise 
Output Short·Circuit Current 
VOUT= 0.5 V. Vee = Max (Note 3) 
-30 
-130 
mA 


Ice 
Supply Current 
VIN = 0 V, Outputs Open (lOUT= 0 mAl 
100 
mA 


Vee= Max 


Notes: 


1. 
These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included. 


2. 
VOpin leakage is the worst case of IiL and IOZL (or IiH and IOZH). 


3. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Your = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Typ 
Unit 


CIN 
Input Capacitance 
VIN= 0 V 
I 
Vcc = 5.0 V, TA = 25°C, 
5 
pF 


<roUT 
Output Capacitance 
VOUT=0 V 
I 
f= 1 MHz 
8 
pF 


Notef 
1. T~ese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


Reaistered 
Operation 


Parameter 
Symbol 
Parameter Description 
Min 
Max 
Unit 


Combinatorial 
Output 


tpo 
Input or 1/0 Pin to Combinatorial Output 
25 
ns 


Output Register 


ISOR 
Input or 1/0 Pin to Output Register Setup 
15 
ns 


tCOR 
Output Register Clock to Output 
15 
ns 


tHOR 
Data Hold Time for Output Register 
0 
ns 


Input Register 


tSIR 
VO Pin to Input Register Setup 
2 
ns 


tCIR 
Register Feedback Clock to Combinatorial Output 
28 
ns 


tHIR 
Data Hold Time for Input Register 
6 
ns 


Clock and Frequency 


tCIS 
Register Feedback to Output Registerllatch 
Setup 
20 
ns 


11MAX 
Maximum Frequency 1/(tSOR+ tCOR) 
33.3 
MHz 


!MAXI 
Maximum Internal Frequency 1IIcis 
50 
MHz 


tCWH 
Pin Clock Width HIGH 
8 
ns 


tcWl 
Pin Clock Width LOW 
8 
ns 


AND-OR 
Array 


Output 
Register 


" 
1/0 


',----------- 
•. telR 
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SWITCHING WAVEFORMS 
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_______ 
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Registered 
Output 
--- 


SWITCHING CHARACTERISTICS 
LthdO 
r 
ac 
e 
,pera Ion 


Parameter 


Symbol 
Parameter Description 
Min 
Max 
Unit 


Combinatorial 
Output 


tPD 
Input or I/O Pin to Combinatorial Output 
25 
ns 


!PTD 
Input or I/O Pin to Output via One Transparent Latch 
28 
ns 


Output Latch 


tSOL 
Input or I/O Pin to Output Latch Setup 
15 
ns 


tGOL 
Latch Enable to Output Through Transparent Output Latch 
15 
ns 


tHoL 
Data Hold Time for Output Latch 
0 
ns 


tSTL 
Input or I/O Pin to Output Latch Setup via Transparent Input Latch 
18 
ns 


Input Latch 


tSIL 
I/O Pin to Input Latch Setup 
2 
ns 


tGIL 
Latch Feedback, Latch Enable Transparent Mode to Combinatorial Output 
28 
ns 


tHIL 
Data Hold Time for Input Latch 
6 
ns 


Latch Enable 


tGIS 
Latch Feedback to Output Register/Latch Setup 
20 
ns 


tGWH 
Pin Enable Width HIGH 
8 
ns 


tGWL 
Pin Enable Width LOW 
8 
ns 


AND-OR 
Array 


" 
I/O 
',-- 
• 
tGIL 


tpm 
tpo 


tSTL 


tSIL 
.•.. 


tPTD 


Latched 
Input 


Combinatorial 
Input 


Combinatorial 
Output 


Latched 
Output 


Latched 
Output 


Combinatorial 
Output 


LE 
Latched~V: 


!==lGIS 


Latched 
Input 


Note: 


1. 
If the combinatorial 
input changes 
while LE is in the latched 
mode 
and LE goes 
into the transparent 
mode 
after tPTD ns has 


elapsed, 
the corresponding 
latched 
output 
will change 
tGOL ns after LE goes 
into the transparent 
mode. 
If the combinatorial 


input change 
while LE is in the latched 
mode 
and LE goes into the transparent 
mode before 
tPTD ns has elapsed, 
the corre· 


sponding 
latched 
output 
will change 
at the later of the following-tPTD 
ns after the combinatorial 
input changes 
or tGot. ns after 


LE goes 
into the latched 
mode. 


SWITCHING CHARACTERISTICS 


Reset/Preset, 
Enable 


Parameter 
Symbol 
Parameter 
Description 
Min 
Max 
Unit 


Combinatorial 
Output 


tApo 
Input or I/O Pin to Output Register/Latch ResetlPreset 
30 
ns 


tAW 
Asynchronous ReseVPreset Pulse Width 
15 
ns 


tARO 
Asynchronous Reset/Preset to Output RegisterlLatch Recovery 
15 
ns 


tARI 
Asynchronous ResetlPreset to Input RegisterlLatch Recovery 
12 
ns 


Output 
Enable 
Operation 


tpzx 
I/OE Pin to Output Enable 
20 
ns 


tpxz 
I/OE Pin to Output Disable (Note 1) 
20 
ns 


tEA 
Input or I/O to Output Enable via PT 
25 
ns 


tER 
Input or I/O to Output Disable via PT (Note 1) 
25 
ns 
Note: 
1. qutput 
disable times do not include test load RC time constants. 


Combinatorial 
Asynchronous 
Reset/Preset 


Registered/Latched 
Output 


Combinatorial/ 


Registered/ 


Latched Output 


Combinatorial 
Asynchronous 
ResetlPreset 
L"W~ 


--- 
--tT_tA-~-I-F--V-T-- 


Combinatorial 
Input 


Combinatorial/ 


RegisteredlLatched 
Output 


Input to Output 
Disable/Enable 
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KEY TO SWITCHING WAVEFORMS 


Must be 
Steady 
\\\\\ 


May 
Change 
from H to L 


/7777 


May 
Change 
from L to H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off" State 


Specification 
Switch SI 
CL 
Rl 
Rz 
Measured Output Value 


tpo. teo, tGOl 
Closed 
1.5 V 


tEA.tpzx 
Z~H: open 
35 pF 
4700 
3900 
1.5 V 
Z~L: closed 


tER.tpxz 
H~Z: open 
5 pF 
H~Z: VOH-0.5 V 


L~Z: closed 
L~Z: VOl +0.5 V 


PRELOAD 


The PALCE29M16 
has the capability 
for product-term 


Preload. 
When the global-preload 
product term is true, 


the PALCE29M16will 
enter the preload mode. Thisfea- 


ture aids functional 
testing 
by allowing 
direct setting of 


register states. The procedure 
for Preload is as follows: 


• 
Set the selected 
input pins to the user selected 


preload condition. 


• 
Apply the desired 
register value to the I/O pins. 
This sets Q of the register. 
The value seen on the 


I/O pin, after Preload, 
will depend 
on whether 
the 


macrocell 
is active high or active low. 


• 
Pulse the clock pin (pin 1). 


• 
Remove the inputs to the I/O pins. 


• 
Remove the Preload condition. 


• 
Verify VaNoH 
for all output pins as per pro- 


grammed 
pattern. 


Because 
the Preload 
command 
is a product 
term, any 


input to the array can be used to set Preload 
(including 


I/O pins and registers). 
Preload itself will change the val- 


ues of the I/O pins and registers. 
This will have unpre- 


dictable 
results. 
Therefore, 
only dedicated 
input 
pins 


should be used for the Preload command. 


Parameter 
Unit 
Symbol 
Parameter Description 
Mln 
Ree. 
Max 


to 
Delay Time 
0.5 
1.0 
5.0 
~s 


tw 
Pulse Width 
250 
500 
700 
ns 


tllo 
Valid Output 
100 
500 
ns 


elK 
Pin 1 (2) 


~AMD 


OBSERV ABILITY 


The PALCE29M16 
has the capability 
for product-term 


Observability. 
When the global-Observe 
product term is 


true. the PALCE29M16 
will enter the Observe 
mode. 


This feature aids functional 
testing by allowing direct ob- 


servation 
of register 
states. 


When the PALCE29M16 
is in the Observe 
mode, the 


output buffer is enabled and the 1/0 pin value will be a of 
the 
corresponding 
register. 
This 
overrides 
any 
OE 


inputs. 


The procedure 
for Observe 
is: 


• 
Remove 
the inputs to all the 1/0 pins. 


• 
Set the inputs to the, user selected, 
Observe 


configuration. 


• 
The register values will be sent to the correspond- 
ing 1/0 pins. 


• 
Remove the Observe 
configuration 
from the se- 


lected 1/0 pins. 


Because 
the Observe 
command 
is a product term, any 


input to the array can be used to set Observe 
(including 


1/0 pins and registers). 
If 1/0 pins are used, the observe 


mode could cause a value change, 
which would cause 


the device to oscillate 
in and out of the Observe 
mode. 


Therefore, 
only dedicated 
input pins should be used for 


the Observe 
command. 


Parameter 
Symbol 
Parameter Description 
Mln 
Ree. 
Max 
Unh 


to 
Delay Time 
0.5 
1.0 
5.0 
~s 


tva 
Valid Output 
100 
500 
ns 


Input 
LtDjM'W'_' 
~t~l 


VIH 


Pins 
VIL 


VOH 
1/0 Pins 


VOL 
- - - - 
VIH 
elK 
Pin 1 (2) 
VIL 


08740G-38 


Observablllty 
Waveform 


POWER-UP RESET 


The registered 
devices 
in the AMD 
PAL Family 
have 


been designed 
with the capability to reset during system 


power-up. 
Following 
power-up, 
all registers will be reset 


to LOW. The output state will depend 
on the polarity of 


the output buffer. This feature provides extra flexibility to 
the designer 
and 
is especially 
valuable 
in simplifying 


state 
machine 
initialization. 
A timing 
diagram 
and pa- 
rameter 
table are shown 
below. 
Due to the asynchro- 
nous operation 
of the 
power-up 
reset, 
and the wide 


range of ways Vcc can rise to its steady state, two condi- 
tions 
are required 
to ensure 
a valid 
power-up 
reset. 


These conditions 
are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOW to HIGH until all applicable 
input and 


feedback 
setup times are met. 


Parameter 
Symbol 
Parameter Description 
Min 
Max 
Unit 


tPR 
Power-Up Reset Time 
10 
Ils 


ts 
Input or Feedback Setup Time 


See Switching Characteristics 
tw 
Clock Width 


tR 
Vcc Rise Time 
500 
Ils 


V:¥-------------------- 
Vcc 


t, ~~I----tPR 
---~. 
77 


\VL 


~tw 


Registered 
Active LOW 
Output 


TYPICAL THERMAL 
CHARACTERISTICS 


M 
5C 
Th 
ed 
easured 
at 2 
0 
ambient. 
ese parameters 
are not test 


Parameter 
Typ. 


Symbol 
Parameter Description 
SKINNYDIP 
PLCC 
Unit 


Eljc 
Thermal Impedance, Junction to Case 
17 
11 
·C/w 


ElJa 
Thermal Impedance, Junction to Ambient 
63 
51 
·C/w 


EljlT\O 
Thermal Impedance, Junction to Ambient with Air Flow 
200 Ifpm air 
60 
43 
·C/w 


400 Ifpm air 
52 
38 
·C/w 


600 Ifpm air 
43 
34 
·e/W 


800 Ifpm air 
39 
30 
·e/W 


Plastic Eljo Considerations 


The data listed for plastic Eljc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the Eljc measurement relative to a specific location on the 
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the 
package. Furthermore, Eljc tests on packages are performed in a constant-temperature bath, keeping the package surface at a 
constant temperature. Therefore, the measurements can only be used in a similar environment. 
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24-Pin EE CMOS Programmable 
Array Logic 


DISTINCTIVE CHARACTERISTICS 


• 
High-performance 
semicustom 
logic 


replacement; Electrically 
Erasable (EE) 


technology 
allows reprogrammabllity 


• 
16 bidirectional 
user-programmable 
I/O logic 


macrocells for Combinatorial/Registered/ 
Latched operation 
• 
Output Enable controlled 
by a pin or product 


terms 
• 
Varied product term distribution 
for increased 


design flexibility 
• 
Programmable clock selection with common 
pin clock/latch 
enable (IE) or individual 


product term clockt'LEwith 
LOW/HIGH clock/ 


LE polarity 


• 
Register/Latch 
Preload permits full logic 


verification 


• 
High speed (tPD= 25 ns, fMAX= 33 MHz and fMAX 
Internal = 50 MHz) 
• 
Full-function 
AC and DC testing at the factory 


for high programming 
and functional 
yields 


and high reliability 
• 
24-pin 300 mil SKINNYDIP and 28-pln plastic 
leaded chip carrier packages 


• 
Extensive third-party 
software and programmer 


support through FusionPLD partners 


GENERAL 
DESCRIPTION 


The PALCE29MA16 is a high-speed, EE CMOS Pro- 
grammable Array Logic (PAL) device designed for gen- 
erallogic replacement in TIL or CMOS digital systems. 
It offers high speed, low power consumption, high pro- 


gramming yield, fast 
programming, 
and 
excellent 


reliability. PAL devices combine the fleXibilityof custom 
logic with the off-the-shelf availability of standard 
products, 
providing 
major 
advantages 
over 
other 


Programmable 
AND Array 
58.178 


Publication# 08811 
Rev. G 
AmendmentiO 


Issue Date: 
June 
1993 


~AMD 


GENERAL DESCRIPTION (continued) 


semicustom solutions such as gate arrays and standard 
cells, including reduced development time and low up- 
front development cost. 


The PALCE29MA16 uses the familiar sum-of-products 
(AND-OR) structure, allowing users to customize logic 
functions by programming the device for specific appli- 
cations. Itprovides up to 29 array inputs and 16outputs. 
It incorporates AMD's unique inpuVoutput logic macro- 
cell which provides flexible inpuVoutput structure and 
polarity, flexible feedback selection, multiple Output En- 
able choices, and a programmable clocking scheme. 
The macrocells can be individually programmed as 
combinatorial, registered, or latched with active-HIGH 
or active-LOW polarity. The flexibility of the logic macro- 
cells permits the system designer to tailor the device to 
particular application requirements. 


Increased 
logic 
power 
has 
been 
built 
into 
the 


PALCE29MA16 by providing a varied number of logic 


product terms per output. Of the 16 outputs, 8 outputs 
have 4 product terms each, 4 outputs have 8 product 
terms each, and the other 4 outputs have 12 product 
terms each. This varied product-term distribution allows 
complex functions to be implemented in a single PAL 
device. Each output can be dynamically controlled by a 
common Output Enable pin or Output Enable product 
term. Each output can also be permanently enabled or 
disabled. 


System operation has been enhanced by the addition of 
common 
asynchronous-Preset 
and 
Reset product 


terms 
and 
a 
power-up 
Reset 
feature. 
The 


PALCE29MA16 also incorporates Preload and Obser- 
vability functions which permit full logic verification of 
the design. 


The PALCE29MA16 is offered in the space-saving 
300-mil SKINNYDIP package as well as the plastic 
leaded chip carrier package. 


CONNECTION 
DIAGRAMS 


Top View 


CLKlLE 
Vcc 


10 
la 


I/0Fo 
1I0F7 


1I0F1 
1I0F6 


1100 
1/07 


1101 
1106 


1102 
1/05 


llQa 
1/04 


1I0F2 
I/0Fs 


I/0Fa 
I/OF4 


1I0E 
12 


GND 
h 


Note: 


Pin 1 is marked for orientation. 


PIN DESIGNATIONS 


CLKlLE 
Clock or Latch Enable 


GND 
Ground 


I 
Input 


I/O 
InpuVOutput 


I/OF 
InpuVOutputwith Dual Feedback 


Vcc 
Supply Voltage 


NC 
No Connection 


I/OF1 


1/00 
1/01 
NC 


1/02 
1/03 


I/OF2 


IIOF6 


1107 
1106 
NC 
1/05 
1/04 
I/OF5 


4 
3 
2 
1 282726 
• 
25 
24 


23 
22 


21 
20 


11 
19 


12 1314 
15161718 
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Z 
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ORDERING INFORMATION 


Commercial 
Products 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of these elements: 


FAMILY TYPE 
PAL = Programmable Array Logic 


PAL 
CE 
29 MA 16 H -25 P C 
T 


/4L 


OPTIONAL PROCESSING 
Blank 
= 
Standard Processing 


NUMBER OF ARRAY INPUTS 


OUTPUT TYPE 
MA = Advanced Asynchronous Macrocell 


NUMBER OF FLlp·FLOPS 


PROGRAMMING REVISION 
/4 = First Revision 


(Requires current 
programming Algorithm) 


TECHNOLOGY 
CE = CMOS Electrically Erasable 


TEMPERATURE RANGE 
C = Commercial (O°Cto +75°C) 


POWER 
H = Ha~ Power (100 mAl 
PACKAGE TYPE 
P = 24-Pin Plastic SKINNYDIP 


(PD3024) 


J 
= 28-Pin Plastic Leaded Chip 


Carrier (PL 028) 
SPEED 
-25 = 25 ns 


Valid Combinations 


Valid Combinations lists configurations planned to 
be supported in volume for this device. Consu~ the 
local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


~ 
AMD 


FUNCTIONAL 
DESCRIPTION 


Inputs 


The PALCE29MA 
16 has 29 inputs to drive each product 


term (up to 58 inputs with both TRUE and complement 
versions 
available 
to the AND array) 
as shown 
in the 


block 
diagram 
in Figure 
1. Of these 
29 inputs, 
4 are 


dedicated 
inputs, 16 are from eight I/O logic macrocells 


with two feedbacks, 
8 are from other 
I/O !2gic macro- 


cells with single feedback 
and one is the I/OE input. 


Initially the AND-array 
gates are disconnected 
from all 


the inputs. This condition 
represents 
a logical TRUE for 


the AND array. By selectively 
programming 
the EE cells, 
the AND array may be connected 
to either the TRUE in- 


put orthe 
complement 
input. When both the TRUE and 


complement 
inputs are connected, 
a logical FALSE re- 


sults at the output of the AND gate. 


Product Terms 


The degree of programmability 
and complexity 
of a PAL 


device is determined 
by the number of connections 
that 


form the programmable-AND 
and OR gates. Each pro- 


grammable-AND 
gate 
is called 
a product 
term. 
The 


PALCE29MA16 
has 178 product 
terms; 
112 of these 


product terms provide logic capability 
and others are ar- 
chitectural 
product 
terms. 
Among 
the control 
product 


terms, one is for Observability, 
and one is for Preload. 
The 
Output 
Enable 
of 
each 
macrocell 
can 
be 
pro- 
grammed 
to be controlled 
by a common 
Output 
Enable 


pin or an individual 
product term. It may also be perma- 


nently disabled. 
In addition, 
independent 
product terms 


for each macrocell 
control 
Preset, Reset and CLK/LE. 


Each product term on the PALCE29MA 
16 consists of a 


58-input AND gate. The outputs of these AND gates are 
connected 
to a fixed-OR 
plane. 
Product terms are allo- 
cated to OR gates in a varied distribution 
across the de- 
vice ranging from 4 to 12 wide, with an average of 7 logic 


Common 
IIOE (PIN) 


IndividualOE 


Individual 
Asynchronous 
Preset 
PO 


Common 
ClKllE 
(PIN) 


Individual 
ClKl lE 


Individual 
Asynchronous 
Reset 


ToANO 
Array 


product terms per output. An increased 
number of prod- 


uct terms per output allows more complex 
functions 
to 


be implemented 
in a single 
PAL device. 
This flexibility 


aids in implementing 
functions 
such as counters. 
exclu- 


sive-OR 
functions, 
or complex 
state machines, 
where 


different 
states 
require 
different 
numbers 
of product 


terms. 


Individual 
asynchronous-Preset 
and 
Reset 
product 


terms are connected 
to all Registered 
or Latched 
I/Os. 


When 
the 
asynchronous-Preset 
product 
term 
is as- 


serted (HIGH) the register 
or latch will immediately 
be 


loaded with a HIGH, independent 
of the clock. When the 


asynchronous-Reset 
product 
term 
is asserted 
(HIGH) 


the register 
or latch will be immediately 
loaded 
with a 


LOW, independent 
of the clock. The actual output state 


will depend 
on the 
macrocell 
polarity 
selection. 
The 


latches must be in latched mode (not transparent 
mode) 


for the 
Reset, 
Preset, 
Preload, 
and 
power-up 
Reset 


modes to be meaningful. 


Input/Output Logic Macrocells 


The I/O logic macrocell 
allows the user the flexibility 
of 


defining the architecture 
of each input or output on an in- 


dividual basis. It also provides the capability 
of using the 


associated 
pin either as an input or an output. 


The PALCE29MA16 
has 16 macrocells, 
one for each 


I/O pin. 
Each 
I/O macrocell 
can be programmed 
for 


combinatorial, 
registered 
or latched operation 
(see Fig- 


ure 2). Combinatorial 
output 
is desired 
when the PAL 


device is used to replace combinatorial 
glue logic. Reg- 


isters 
and 
Latches 
are 
used 
in 
synchronous 
logic 


applications. 
Registers 
and Latches 
with product 
term 


controlled 
clocks 
can 
also 
be 
used 
in asychronous 


application. 


Figure 
2a. PALCE29MA16 
Macrocell 
(Single 
Feedback) 


PALCE29MA16H·25 


The 
output polarity 
for each 
macrocell 
in each of the 


three 
modes 
of operation 
is user-selectable, 
allowing 


complete 
flexibility 
of the macrocell 
configuration. 


Eight of the macrocells 
(I/OFo-l/OF7) 
have two inde- 


pendent 
feedback 
paths to the AND array (see Figure 


2b). The first is a dedicated 
I/O pin feedback 
to the AND 


array for combinatorial 
input. The second path consists 


of a direct register/latch 
feedback 
to the array. If the pin 


is used as a dedicated 
input using the first feedback 


path, the register/latch 
feedback 
path is still available to 


the AND array. This path provides the capability 
of using 


the register/latch 
as a buried 
state register/latch. 
The 


other eight macrocells 
have a single feedback 
path to 


the 
AND 
array. 
This 
feedback 
is user-selectable 
as 


either 
an 
I/O 
pin 
or a register/latch 
feedback 
(see 


Figure 2a). 


Each macrocell 
can provide true input/output 
capability. 
The user can select each macrocell 
register/latch 
to be 


driven by either the signal generated 
by the AND-OR ar- 


ray orthe 
corresponding 
I/O pin. When the 110 pin is se- 


lected 
as the 
input, 
the feedback 
path 
provides 
the 


register/latch 
input to the array. When used as an input, 
each 
macrocell 
is also 
user-programmable 
for regis- 


tered, latched, 
or combinatorial 
input. 


The PALCE29MA16 
has a dedicated 
CLK/LE 
pin and 


one individual 
CLK/LE 
product 
term or macrocell. 
All 


macrocells 
have a programmable 
switch to choose be- 


tween the CLK/LE 
pin and the CLK/LE 
product term as 


the clock or latch enable signal. These signals are clock 
signals for macrocells 
configured 
as registers and latch 


enable 
signals 
for macrocells 
configured 
as latches. 


The polarity of these CLK/LE signals is also individually 
programmable. 
Thus different 
registers 
or latches can 


be driven by different 
clocks and clock phases. 


The Output-Enable 
mode of each of the macrocells 
can 


be selected 
by the user. The I/O pin can be configured 


as an output 
pin (permanently 
enabled) 
or as an input 


pin (permanently 
disabled). 
It can also be configured 
as 


Common 
IIOE PIN 
Individual OE 


Individual 


Asynchronous 
Preset 
PO 


Common 
CLKlLE (PIN) 


Individual 


CLKlLE 


Individual 


Asynchronous 
Reset 


To AND Array 


To AND Array 


a dynamic 
I/O controlled 
by the Output Enable pin or by 


a product tenn. 


1/0 Logic Macrocell Configuration 


AMD's 
unique 
I/O 
macrocell 
offers 
major 
benefits 


through 
its versatile, 
programmable 
inpuUoutput 
cell 


structure, 
multiple clock choices, flexible Output Enable 


and feedback 
selection. 
Eight I/O macrocells 
with single 


feedback 
contain 
9 EEcells, 
while the other eight ma- 


croce lis contain 
8 EE cells for programming 
the inpuU 


output functions 
(see Table 1). 


EE cell S, controls whether the macrocell 
will be combi- 


natorial or registered/latched. 
So controls the output po- 


larity 
(active-HIGH 
or 
active-LOW). 
S2 determines 


whether the storage 
element 
is a register or a latch. S3 


allows the use of the macrocell 
as an input register/latch 


or as an output register/latch. 
It selects the direction 
of 


the data path through 
the register/latch. 
If connected 
to 


the usual AND-OR 
array output, the register/latch 
is an 


output connected 
to the I/O pin. If connected 
to the I/O 


pin, the register/latch 
becomes 
an input register/latch 
to 


the AND array using the feedback 
data path. 


Programmable 
EE cells S4 and Ss allow the user to se- 


lect one of the four CLK/LE 
signals for each macrocell. 


Sa and S7 are used to control Output Enable as pin con- 
trolled, product-term 
controlled, 
permanently 
enabled or 


permanently 
disabled. 
Sa controls 
a feedback 
multi- 


plexer for the macrocells 
with a single feedback 
path 


only. 


Using the programmable 
EE cells So-Sa various 
input 


and output configurations 
can be selected. 
Some of the 


possible 
configuration 
options 
are shown 
in Figure 3. 


In the erased 
state (charged, 
disconnected), 
an archi- 


tectural 
cell is said to have a value 
of "1"; in the pro- 


grammed 
state 
(discharged, 
connected 
to GND), 
an 


architectural 
cell is said to have a value of "0." 


Figure 
2b. PALCE29MA16 
Macrocell 
(Dual Feedback) 


PALCE29MA 
16H-25 


~AMD 


53 
I/O Cell 


1 
Output 
Cell 


0 
Input Cell 


52 
5torage 
Element 


1 
Register 


0 
Latch 


51 
Output 
Type 


1 
Combinatorial 


0 
RegisterlLatch 


So 
Output 
Polarity 


1 
Active 
LOW 


0 
Active 
HIGH 


58 
Feedback' 


1 
RegisterlLatch 


0 
1/0 


54 
55 
Clock 
EdgelLatch 
Enable 
Level 


1 
1 
CLKlLE 
pin positive-going 
edge, 
active-LOW 
LE' 


1 
0 
CLKlLE 
pin negative-going 
edge, 
active-HIGH 
LE' 


0 
1 
CLKlLE 
PT positive-going 
edge, 
active-LOW 
LE' 


0 
0 
CLKlLE 
PT negative-going 
edge, 
active-HIGH 
LE' 


56 
57 
Output 
Buffer 
Control 


1 
1 
Pin-Controlled 
Three-State 
Enable 


1 
0 
PT-Controlled 
Three-State 
Enable 


0 
1 
Permanently 
Enabled 
(Output 
only) 


0 
0 
Permanently 
Disabled 
(Input 
only) 


Notes: 
1= Erased State (Charged or disconnected). 


0= 
Programmed State (Discharged or connected). 


'Active-LOW LE means that data is stored when the LE pin is HIGH, and the latch 
is transparent when the LE pin is LOW. Active-HIGH LE means the opposite. 
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SOME POSSIBLE CONFIGURATIONS 
OF THE INPUT/OUTPUT 
LOGIC MACROCELL 


(Forother useful configurations, please referto the macrocell diagrams in Figure 2. All macrocell architecture cells are 
independently programmable). 


50= 1 
5,-0 
53- 1 
52- 
1 


08811G-o 


Output Registered/Active 
Low 
06811G-7 


Output Combinatorial/Active 
Low 


08811G-8 


Output Registered/Active 
High 


08811G-9 


Output COmbinatorial/Active 
High 


50·' 
5,-0 
53= , 
58=0 
52= , 


08811G-l0 


Output Registered/Active 
Low, I/O Feedback 


06811G-11 


Output COmblnatorlaUActlve Low, I/O Feedback 


50=0 
5, =0 
53= 1 
58-0 
52=0 


08811G-12 


Output latched/Active 
High, I/O Feedback 


08811G-13 


Output COmbinatorial/Active 
High, UO Feedback 
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SOME POSSIBLE CONFIGURATIONS 
OF THE INPUT/OUTPUT 
LOGIC MACROCELL 


SO= 1 
S, .0 
S3= 1 
Sa= 1 
S2= 
1 


08811-<l14A 


Output 
Registered/Active 
Low, 
Register 
Feedback 


08811-<l15A 


Output Combinatorial/Active 
Low, 


Latched 
Feedback 


SO·1 
S1 =0 
S3= 1 
Sa= , 
52=0 


08811-<l16A 


Output 
latched/Active 
Low, 
Latched 
Feedback 


08811-<l17A 


Output 
Combinatorial/Active 
Low, 


Latched 
Feedback 


5pO 
sa = , (FOR SINGLE FEEDBACK 
ONL V) 


S2 - , REGISTER 


=OLATCH 


Power-Up Reset 


All flip-flops 
power up to a logic LOW for predictable 
sys- 


tem 
initialization. 
The 
outputs 
of the 
PALCE29MA16 


depend 
on whether 
they are selected 
as registered 
or 


combinatorial. 
If registered 
is selected, the output will be 


LOW if programmed 
as active 
LOW and HIGH if pro- 


grammed 
as active HIGH. 
If combinatorial 
is selected, 


the output will be a function 
of the logic. 


Preload 


To simplify testing, the PALCE29MA16 
is designed with 


preload 
circuitry 
that provides 
an easy method for test- 
ing logical 
functionality. 
Both 
product-term-controlled 


and 
supervoltage-enabled 
preload 
modes 
are 


available. 
The TIL-level 
preload 
product 
term can be 


useful during debugging, 
where supervoltages 
may not 


be available. 


Preload 
allows 
any arbitrary 
state value to be loaded 


into the registers/latches 
of the device. 
A typical func- 


tional-test 
sequence 
would be to verify all possible state 


transitions 
for the device being tested. This requires the 


ability to set the state registers 
into an arbitrary "present 


state" value and to set the device's 
inputs into an arbi- 
trary ''present 
input" value. Once this is done, the state 


machine 
is clocked 
into a new state, 
or "next state:' 
which can be checked 
to validate the transition 
from the 


"present 
state." 
In this 
way 
any 
transition 
can 
be 


checked. 


Since preload can provide the capability 
to go directly to 


any desired 
arbitrary 
state, 
test 
sequences 
may 
be 


greatly 
shortened. 
Also, 
all possible 
states 
can 
be 


tested, thus greatly reducing test time and development 
costs and guaranteeing 
proper in-system 
operation. 


Observability 


The 
output 
register/latch 
observability 
product 
term, 
when 
asserted, 
suppresses 
the combinatorial 
output 


data from appearing 
on the I/O pin and allows the obser- 
vation of the contents 
of the register/latch 
on the output 


pin for each of the logic macrocells. 
This unique feature 


allows for easy debugging 
and tracing of the buried state 


machines. 
In addition, 
a capability 
of supervoltage 
ob- 


servability 
is also provided. 


Security Cell 


A security cell is provided 
on each device to prevent un- 


authorized 
copying 
of the user's 
proprietary 
logic de- 


sign. Once programmed, 
the security 
cell disables 
the 


programming, 
verification, 
preload, 
and 
the 
obser- 


vability modes. The only way to erase the protection 
cell 


is by erasing 
the entire array and architecture 
cells, in 


which case no proprietary 
design can be copied. 
(This 


cell should be programmed 
only after the rest of the de- 


vice has been completely 
programmed 
and verified.) 


Programming and Erasing 


The PALCE29MA16 
can be programmed 
on standard 


logic programmers. 
It may also be erased to reset a pre- 


viously 
configured 
device 
back 
to 
its 
virgin 
state. 


Erasure is automatically 
performed 
by the programming 


hardware. 
No special erasure 
operation 
is required. 


Quality and Testability 


The PALCE29MA16 
offers 
a very high level of built-in 


quality. 
The erasability 
of the device 
provides 
a direct 


means of verifying performance 
of all the AC and DC pa- 


rameters. 
In 
addition, 
this 
verifies 
complete 
pro- 


grammability 
and functionality 
of the device to yield the 


highest programming 
yield and post-programming 
func- 


tional yield in the industry. 


Technology 


The 
high-speed 
PALCE29MA16 
is 
fabricated 
with 


AMD's 
advanced 
electrically-erasable 
(EE) 
CMOS 


process. The array connections 
are formed with proven 


EE cells. Inputs and outputs are designed 
to be compat- 


ible with TIL 
devices. 
This technology 
provides 
strong 


input-clamp 
diodes, 
output 
slew-rate 
control, 
and 
a 


grounded 
substrate 
for clean switching. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage 
with 
Respect to Ground 
-D.5 V to 
+7.0 V 


DC Input Voltage. 
. . . . . . . . .. 
-0.5 
V to Vcc + 0.5 V 


DC Output or 1/0 


Pin Voltage 
-D.5 V to Vcc + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Latchup 
Current 
(TA = O°C to +75°C) 
100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 


OPERATING RANGES 


Commercial 
(C) Devices 
Ambient 
Temperature 
(TA) 


Operating 
in Free Air. 
. . . . . . . . . .. 
O°C to +75°C 


Supply Voltage 
(Vcc) 
with Respect to Ground 
..... 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL operating ranges unless otherwise 
specified 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Min 
Max 
Unit 


VOH 
Output HIGH Voltage 
IOH=-2 
mA 
VIN= VIHor VIL 
2.4 
V 


Vcc = Min 


VOL 
Output LOW Voltage 
IOL= 8 mA 
VIN = VIHor VIL 
0.5 


IOL= 4 mA 
Vcc = Min 
0.33 
V 


IOL= 20 ~A 
0.1 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Voltage for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Voltage for all Inputs (Note 1) 


IIH 
Input HIGH Leakage Current 
VIN = 5.5 V, Vcc = Max (Note 2) 
10 
~ 


ilL 
Input LOW Leakage Current 
VIN = 0 V, Vcc = Max (Note 2) 
-10 
~ 


loZH 
Off-State Output Leakage 
VOUT= 5.5 V, Vcc = Max 
10 
~ 
Current HIGH 
VIN= VIHor VIL (Note 2) 


lOlL 
Off-State Output Leakage 
VOUT= 5.5 V, Vcc = Max 
-10 
~ 
Current LOW 
VIN= VIHor VIL (Note 2) 


Isc 
Output Short-Circuit Current 
VOUT= 0.5 V, Vcc = Max (Note 3) 
-30 
-130 
mA 


Icc 
Supply Current 
VIN = 0 V, Outputs Open (lOUT= 0 mAl 
100 
mA 


Vcc= Max 


Notes: 


1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included. 


2. 
110pin leakage is the worst case of IlL and IOZL (or IIH and loZH). 


3. 
Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
VOUT= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Unit 


CIN 
Input 
Capacitance 
VIN= 0 V 
I Vcc 
= 5.0 V, TA = 25°C, 
5 
pF 


GoUT 
Output 
Capacitance 
VOUT= 0 V 
I 1=1 
MHz 
8 
pF 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


SWITCHING CHARACTERISTICS 
Registered Operation 


Parameter 
Symbol 
Parameter 
Description 
Mln 
Max 
Unit 


Combinatorial 
Output 


tPD 
Input or I/O Pin to Combinatorial 
Output· 
25 
ns 


Output 
Register 
- Pin Clock 


tSOR 
Input or I/O Pin to Output 
Register 
Setup 
15 
ns 


tCOR 
Output 
Register 
Clock 
to Output 
15 
ns 


tHOR 
Data 
Hold Time lor Output 
Reqister 
0 
ns 


Output 
Register 
- Product 
Term 
Clock 


tSORP 
1/0 Pin or Input to Output 
Register 
Setup 
4 
ns 


tCORP 
Output 
Register 
Clock 
to Output 
29 
ns 


tHORP 
Data 
Hold Time lor Output 
Register 
10 
ns 


Input 
Register 
- Pin Clock 


tSIR 
VO Pin to Input Register 
Setup 
2 
ns 


tCIR 
Register 
Feedback 
Clock to Combinatorial 
Output 
28 
ns 


tHIR 
Data 
Hold time lor Input Register 
6 
ns 


Clock 
and 
Frequency 


tCIS 
Register 
Feedback 
(Pin Driven 
Clock) 
to Output 
20 
ns 
RegisterlLatch 
(Pin Driven) 
Setup 


tCISPP 
Register 
Feedback 
(PT Driven 
Clock) 
to Output 
25 
ns 
Register/Latch 
(PT Driven) 
Setup 


lMAX 
Maximum 
Frequency 
(Pin Driven) 
l/(tSOR + tCOR) 
33.3 
MHz 


lMAXI 
Maximum 
Internal 
Frequency 
(pin 
Driven) 
1Itcis 
50 
MHz 


lMAXP 
Maximum 
Frequency 
(PT Driven) 
l/(tsoRP 
+ tCORP) 
30 
MHz 


IMAXIPP 
Maximum 
Internal 
Frequency 
(PT Driven) 
1ltcIsPp 
40 
MHz 


tCWH 
Pin Clock 
Width 
HIGH 
8 
ns 


tCWL 
Pin Clock 
Width 
LOW 
8 
ns 


tCWHP 
PT Clock 
Width 
HIGH 
12 
ns 


tCWLP 
PT Clock 
Width 
LOW 
12 
ns 


, 
, '. 
, , 
" 
" ... 
, 
vo 


" 
- - - - - - - - -. 
tCIR 


08811G-20 
Input/Output 
Register 
Specs (Pin ClK 
Reference) 


VO 


tSORP 
- - - - - - - - - -,' 


08811G-21 


input/Output 
Register 
Specs (PT ClK 
Reference) 


Combinatorial 
)l(vr- 


Input ==============='_ ~_'PD 
-VT--- 
Combinatorial 
Ou~ut 
_ 


Registered 
~V 
l{v 
Input ----, 
I:..Tt SIR_ 
•... tHIR::;.j \_T 
_ 


vT 


__ 
v_T 
_ 


08811G-25 


Registered 
Output 


Combinatorial 
Input as Clock 


t'""1~_OR~_VT_ 


-------------- 
••••• 
~~VT~~_-_-_-_ 


08811G-23 


VT 
1\vT 


""SORP+- 
'HORP 


vT 


'COR 


08811G-24 
Output Register (PT Clock) 
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SWITCHING WAVEFORMS 


Combinatorial 
Input as Clock 


SWITCHING CHARACTERISTICS 


Latched Operation 


Parameter 
Symbol 
Parameter 
Description 
Min 
Max 
Unit 


Combinatorial 
Output 


tPD 
Input or I/O Pin to Combinatorial 
Output 
I 
I 
25 
I 
ns 


tPTD 
Input or I/O Pin to Output 
via Transparent 
Latch 
28 
ns 


Output 
Latch 
- Pin LE 


tSOl 
Input or 110 Pin to Output 
Register 
Setup 
15 
ns 


tGOL 
Latch 
Enable 
to Transparent 
Mode 
Output 
15 
ns 


tHOL 
Data 
Hold Time for Output 
Latch 
0 
ns 


tSTL 
Input or I/O Pin to Output 
Latch Setup 
via 
18 
ns 


Transparent 
Input Latch 


Output 
Latch 
- Product 
Term 
LE 


tSOLP 
Input or I/O Pin to Output 
Latch Setup 
4 
ns 


tGOLP 
Latch 
Enable 
to Transparent 
Mode 
Output 
29 
ns 


tHOLP 
Data 
Hold Time for Output 
Latch 
10 
ns 


tSTLP 
Input or I/O Pin to Output 
Latch Setup 
via 
10 
ns 
Transparent 
Input Latch 


Input 
Latch 
- Pin LE 


tSIL 
I/O Pin to Input Latch Setup 
2 
ns 


tGIL 
Latch 
Feedback, 
Latch 
Enable 
Transparent 
Mode to 
28 
ns 
Combinatorial 
Output 


tHIL 
Data 
Hold Time for Input Latch 
6 
ns 


Latch 
Enable 


tGIS 
Latch 
Feedback 
(Pin Driven) 
to Output 
RegisterlLatch 
20 
ns 
(Pin Driven) 
Setup 


tGISPP 
Latch 
Feedback 
(PT Driven) 
to Output 
Register/Latch 
25 
ns 
(PT Driven) 
Setup 


tGWH 
Pin Enable 
Width 
HIGH 
8 
ns 


tGWL 
Pin Enable 
Width 
LOW 
8 
ns 


tGWHP 
PT Enable 
Width 
HIGH 
12 
ns 


tGWLP 
PT Enable 
Width 
LOW 
12 
ns 
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tSTL 


ISIL 
.•.• 


tPTD 


, 
VO 


',-----------. 
tG1L 


tpTO 
IpO 


ISTLP 


IpTO 


VO 


t 
' 
SOLP - - - - - - - - - - - ' 
IpTO 


IpO 


Latched 
Input -------t,iIpTD- 


Combinatorial 
Input 


Combinatorial 
Output 
IPTD-kVT 
Latched 
Output -------------- 
08811G-30 


Latch (Transparent Mode) 


Latched =tv 
Input 
'--T 
_ 


+-ISTL 


Combinatorial 
Input 


Latched 
Output 


Latched 
Input 


Combinatorial 
Output 


IT __ 
L_a_lc:h_ed_~ 
Transparent 


'\. 
VT 
Inpul 


L-t-G-IS--------La1c:h 


Latched=tv 
Input 
.'--T 
_ 


..-ISTLP 


Combinatorial 
Input 


Combinatorial 
Input as LE 


Latched 
Output 


08811G-35 


Pin LE Width 


Latched 
Transparent 


Combinatorial 
~ 
V 
Iv 
~ 


Input as LE-----J1~IGWLP--:.I:..:.IGWHP-:I~ 


Note: 


1. 
If the combinatoriaiinput 
changes 
while LE is in the latched 
mode and LE goes into the transparent 
mode aftertpTD 
ns 


has elasped, 
the corresponding 
latched 
output 
will change 
tGOLns after LE goes into the transparent 
mode. 
If the com- 


binatorial 
input 
changes 
while 
LE is in the latched 
mode 
and LE goes 
into the transparent 
mode 
before 
tPTD ns has 


elapsed, 
the corresponding 
latched 
output 
will change 
at the later of the following 
- tPTD ns after 
the combinatorial 


input 
changes 
or tGOL ns after LE goes 
into the latched 
mode. 


~AMD 


SWITCHING CHARACTERISTICS 


Reset/Preset, 
Enable 


Parameter 
Symbol 
Parameter Description 
Mln 
Max 
Unit 


tAPO 
Input or 110Pin to Output RegisterlLatch 
30 
ns 
ReseVPreset 


tAW 
Asynchronous Reset/Preset Pulse Width 
15 
ns 


tARO 
Asynchronous Reset/Preset to Output 
15 
ns 
RegisterlLatch Recovery 


tARI 
Asynchronous Reset/Preset to Input 
12 
ns 
RegisterlLatch Recovery 


tARPa 
Asynchronous Reset/Preset to Output 
4 
ns 
RegisterlLatch Recovery PT Clock!LE 


tARPI 
Asynchronous Reset/Preset to Input 
6 
ns 
RegisterlLatch Recovery PT Clock!LE 


Output Enable Operation 


tpzx 
1I0E Pin to Output Enable 
20 
ns 


tpxz 
IIOE Pin to Output Disable (Note 1) 
20 
ns 


tEA 
Input or 1/0 to Output Enable via PT 
25 
ns 


tER 
Input or 1/0 to Output Disable via PT (Note 1) 
25 
ns 


Note: 
1. 
Output disable times do not include test load RC time constants. 


Combinatorial 
Asynchronous 
Reset/Preset 


Combinatoriall 


Registeredl 


Latched 
Output 


Registeredl 
Latched 
Output 
~Ir- 
VTJ 


08811G-37 


Output Register/Latch 
Reset/Preset 


EIAW_t 
Combinatorial 
• - 
Asynchronous 
vT 
ResetlPreset 
---- 


Clock 
tAR1-+F- 


08811G-38 


Input ReglsterlLatch 
Reset/Preset 


Combinatorial 
Input 


Combinatoriall 


Registeredl 


Latched 
Output 


08811G-39 


Pin 11 to Output Disable/Enable 


tEA 


VT 
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Input to Output Disable/Enable 


Must be 
Steady 
\\\\\ 


May 
Change 
from Hto l 
0/71 


May 
Change 
from ltoH 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


Will be 
Steady 


Will be 
Changing 
from Hto l 


Will be 
Changing 
from l to H 


Changing, 
State 
Unknown 


Center 
line is High- 
Impedance 
"Off" State 


Specification 
SwitchSl 
CL 
Rl 
R2 
Measured Output Value 


tPD,teo, tGOL 
Closed 
1.5 V 


teA,tpzx 
Z-->H:open 
35 pF 
1.5 V 


Z-->l: closed 
4700 
3900 


tER,tpxz 
H-->Z:open 
5 pF 
H-->Z:VOH-0.5 V 


l-->Z: closed 
L-->Z: VOL+0.5 V 


~AMD 


PRELOAD 


The PALCE29MA 
16 has the capability 
for product-term 


Preload. 
When the global-preload 
product term is true, 
the PALCE29MA16 
will enter the preload 
mode. This 


feature 
aids functional 
testing by allowing 
direct setting 


of register 
states. 
The 
procedure 
for 
Preload 
is as 


follows: 


• 
Set the selected 
input pins to the user selected 


preload condition. 


• 
Apply the desired 
register value to the I/O pins. 


This sets 0 of the register. 
The value seen on the 


110 pin, after Preload, 
will depend 
on whether 
the 


macrocell 
is active high or active low. 


• 
Pulse the clock pin (pin 1). 


• 
Remove the inputs to the 110 pins. 


• 
Remove the Preload condition. 


• 
Verify Va./VOH for all output 
pins as per pro- 


grammed 
pattern. 


Because 
the Preload 
command 
is a product 
term, any 


input to the array can be used to set Preload 
(including 


I/O pins and registers). 
Preload itself will change the val- 


ues of the I/O pins and registers. 
This will have unpre- 


dictable 
results. 
Therefore, 
only dedicated 
input 
pins 


should be used for the Preload command. 


Parameter 
Symbol 
Parameter Description 
Mln 
Ree. 
Max 
Unit 


to 
Delay Time 
0.5 
1.0 
5.0 
I1s 


tw 
Pulse Width 
250 
500 
700 
ns 


too 
Valid Output 
100 
500 
ns 


VIH 
Inputs 
Preload Mode 


Vil 


VOONIH 
110 Pins 
Va./Vil 


to 
- - - - - - - - 
VIH 
elK 
Pin 1 (2) 
Vil 
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Preload 
Wavefonn 


OBSERVABILITY 


The PALCE29MA 
16 has the capability 
for product-term 


Observability. 
When the global-Observe 
product term is 
true, the PALCE29MA16 
will enterthe 
Observe 
mode. 


This feature aids functional 
testing by allowing direct ob- 


servation 
of register 
states. 


When the PALCE29MA16 
is in the Observe 
mode, the 
output buffer is enabled and the I/O pin value will be Q of 
the 
corresponding 
register. 
This 
overrides 
any 
OE 


inputs. 


The procedure 
for Observe 
is: 


• 
Remove 
the inputs to all the \/0 pins. 


• 
Set the inputs to the, user selected, 
Observe 


configuration. 


• 
The register values will be sent to the correspond- 
ing I/O pins. 


• 
Remove the Observe 
configuration 
from the se- 


lected \/0 pins. 


Because 
the Observe 
command 
is a product term, any 


input to the array can be used to set Observe 
(including 


I/O pins and registers). 
If I/O pins are used, the observe 


mode could cause a value change, 
which would cause 


the device to oscillate 
in and out of the Observe 
mode. 


Therefore, 
only dedicated 
input pins should be used for 


the Observe 
command. 


Parameter 
Symbol 
Parameter Description 
Min 
Ree. 
Max 
Un" 


tD 
Delay Time 
0.5 
1.0 
5.0 
~s 


tva 
Valid Output 
100 
500 
ns 


Input b 10=i 


M 


'"' 
Moo, 
~IOl 


VIH 


Pins 
VIL 


VOH 
1/0 Pins 


VOL 
- - - - 
VIH 
elK 
Pin 1 (2) 
VIL 


08811G-44 


Observablllty Waveform 
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POWER-UP RESET 


The registered 
devices 
in the AMD 
PAL Family 
have 


been designed 
with the capability to reset during system 


power-up. 
Following 
power-up, 
all registers will be reset 


to LOW. The output state will depend 
on the polarity of 


the output buffer. This feature provides extra flexibility to 
the designer 
and is especially 
valuable 
in simplifying 


state machine 
initialization. 
A timing 
diagram 
and pa- 


rameter 
table are shown 
below. 
Due to the asynchro- 


nous operation 
of the power-up 
reset, 
and the wide 


range of ways Vcc can rise to its steady state. two condi- 
tions 
are required 
to ensure 
a valid 
power-up 
reset. 


These conditions 
are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOW to HIGH until all applicable 
input and 


feedback 
setup times are met. 


Parameter 
Symbol 
Parameter Description 
Mln 
Max 
Unit 


tPR 
Power-Up Reset Time 
10 
!Ls 


ts 
Input or Feedback Setup Time 
See Switching Characteristics 
tw 
Clock Width 


tR 
Vcc Rise Time 
500 
I 
I 
!Ls 


Vj-------------------- 
Vcc 


t, ~ ~ 
I" ---- 
•• 
II 
Wl 


~tw 


Registered 
Active LOW 
Output 


TYPICAL THERMAL CHARACTERISTICS 


Measured 
at 25°C ambient. 
These parameters 
are not tested. 


Parameter 
Typ 


Symbol 
Parameter Description 
SKINNYDIP 
PLCC 
Unit 


9jc 
Thermal impedance, junction to case 
17 
11 
°CIW 


9ja 
Thermal impedance, junction to ambient 
63 
51 
°CIW 


9jma 
Thermal impedance, junction to ambient with air flow 
200 Ifpm air 
60 
43 
°CIW 


400 Ifpm air 
52 
38 
°CIW 


600 Ifpm air 
43 
34 
°CIW 


800 Ifpm air 
39 
30 
°CIW 


Plastic 9/c Considerations 


The data listed 
for plastic 
9jc are for reference 
only and are not recommended 
for use in calculating 
junction 
temperatures. 
The 
heat-flow 
paths 
in plastic-encapsulated 
devices 
are complex, 
making 
the 8jc measurement 
relative 
to a specific 
location 
on the 
package 
surface. 
Tests indicate 
this measurement 
reference 
point is directly 
below 
the die-attach 
area on the bottom 
center 
of the 
package. 
Furthermore, 
8jc tests on packages 
are performed 
in a constant-temperature 
bath, keeping 
the package 
surface 
at a 
constant 
temperature. 
Therefore, 
the measurements 
can only be used in a similar 
environment. 


_ 
COM'L: H-15/25 
MIL: H-20 


PALCE610 Family 


EE CMOS High Performance 
Programmable 
Array Logic 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
AMD's Programmable Array Logic (PAL) 
architecture 


• 
Electrically-erasable 
CMOS technology 


providing 
half power (90 mA Ice) at high speed 


-15 = 15 ns tpo 


-25 = 25 ns tpo 


• 
Sixteen macrocells with conflgurable 
I/O 


architecture 


• 
Registered or combinatorial 
operation 


• 
Registers programmable 
as D, T, J-K, or S-R 


• 
Asynchronous 
clocking via product term or 


bank register clocking from external pins 


• 
Register preload for testability 


• 
Power-up reset for Initialization 


• 
Space-saving 
24-pln SKINNVDIP and 28-pln 


PLCC packages 


• 
Fully tested for 100% programming 
yield and 


high reliability 


• 
Extensive third-party 
software and programmer 


support through FusionPLD partners 


GENERAL 
DESCRIPTION 


The PALCE610 is a general purpose PAL device and is 
functionally and fuse map equivalent to the EP610. It 
can accommodate logic functions with up to 20 inputs 
and 16outputs. There are 16110macrocells that can be 
individually configured to the user's specifications. The 
macrocells can be configured as either registered or 
combinatorial. The registers can be configured as D, T, 
J-K, or S-R flip-flops. 


The PALCE610 uses the familiar sum-of-products logic 
with programmable-AND and fixed-OR structure. Eight 
product terms are brought to each macrocell to provide 
logic implementations. 


The PALCE610 is manufactured 
using advanced 


CMOS EE technology providing high density and low 
power consumption. Moreover, it is a high-speed device 
having a worst-case tpo of 15 ns. Space-saving 24-pin 
SKINNYDIP and 28-pin PLCC packages are offered. 


This device can be quickly erased and reprogrammed 
providing for easy prototyping. Once a device is pro- 
grammed the security bit can be used to provide protec- 
tion from copying a proprietary design. 


CONNECTION 
DIAGRAMS 


Top View 


PIN DESIGNATIONS 


ClK 
= Clock 


GND = Ground 


I 
= Input 
1/0 
= InpuUOutput 


NC 
= No Connect 


VCC = Supply Voltage 


11010 


1/011 


1/012 


11013 


11014 


1/015 


1/016 


1/02 


1/03 


1/04 


1/05 


1/06 


1/07 


I/0s 


I 
CLK2 


1/010 
1/011 
1/012 


11013 
11014 


11015 


NC 


AMD~ 


CLK1 
Vcc 


I 


1/09 


I 


GND 
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ORDERING INFORMATION 


Commercial 
Products 


AMD programmable logic products for commercial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 


FAMILY TYPE 
PAL = Programmable Array Logic 


PAL 
_T 


CE 
610 H -15 
P 
CL 
OPERATING CONDITIONS 
C = Commercial (OOCto +75°C) 
TECHNOLOGY------- 
.••.• 


CE = CMOS Electrically Erasable 


PACKAGE TYPE 
P = 24-Pin 300 mil Plastic 


SKINNYDIP (PD3024) 


J 
= 28-Pin Plastic Leaded 


Chip Carrier (PL 028) 


DEVICE NUMBER 
610 = 600 Gates 


POWER --------------' 
H = Ha~ Power (90 mA Ice) 


SPEED 
-15 = 15 ns tPD 
-25 = 25 ns tPD 


Valid Combinations 


PALCE610H-15 


PC, JC 


PALCE610H-25 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, 
and to check on 


newly released combinations. 


ORDERING INFORMATION 


APL Products 


AMD programmable logic products for Aerospace and Defense applications are available w~h several ordering options. APl 
(Approved Products List) products are fully compliant with Mll-STD-883 
requirements. The order number (Valid Combination) 
is formed by a combination of: 


PAL 


FAMILY TYPE 
J 


PAL = Programmable Array logic 


-2018 
L 
A--l= 
LEAD FINISH 
A = Hot Solder Dip 


TECHNOLOGY------ 
••••.• 


CE = CMOS Electrically Erasable 


DEVICE NUMBER 
610 = 600 Gates 


PACKAGE TYPE 
l 
- 
24-Pin (300 mil) Ceramic 
SKINNYDIP (CD3024) 


3 - 
28-Pin Ceramic leadless 
Chip Carrier (Cl 028) 


POWER 
-J 


H = Half Power (90 mA Ice) 
DEVICE CLASS 
IB = Class B 


SPEED 
-20 = 20 ns tpo 


Valid Combinations 


PAlCE610H-20 I 
IBLA,IB3A 


Valid Combinations 


Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, 
and to check on 


newly released combinations. 


Group A Tests 


Group A tests consist of Subgroups 


1, 2, 3, 7, 8, 9, 10, 11. 


Military 
Burn-In 


Mil~ary burn-in is in accordance with the current revision of Mll-STD-883, 
Test Method 1015, Conditions A through E. 


Test cond~ions are selected at AMD's option. 
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FUNCTIONAL 
DESCRIPTION 


The 
PALCE610 
is a general 
purpose 
programmable 


logic device. 
It has 16 independently-configurable 
ma- 


crocells. 
Each macrocell 
can be configured 
as either 


combinatorial 
or registered. 
The registers 
can be D, T, 
J-K, or S-R type flip-flops. 
The device has 4 dedicated 


input pins and 2 clock pins. Each clock pin controls 8 of 
the 16 macrocells. 


The programming 
matrix 
implements 
a programmable 


AND 
logic array which 
drives 
a fixed 
OR logic array. 
Buffers for device 
inputs have complementary 
outputs 


to provide user-programmable 
input polarity. Unused in- 
put pins should be tied to Vcc or ground. 


The array uses AMD's electrically 
erasable technology. 
An 
unprogrammed 
bit 
is disconnected 
and 
a 
pro- 
grammed 
bit is connected. 
Product 
terms with all bits 


unprogrammed 
assume 
the 
logical-HIGH 
state 
and 


product terms with both the TRUE and Complement 
bits 


programmed 
assume 
the logical-LOW 
state. 


The 
programmable 
functions 
in the 
PALCE610 
are 


automatically 
configured 
from the user's design specifi- 
cations, 
which can be in a number of formats. 
The de- 
sign 
specification 
is 
processed 
by 
development 


software 
to verify the design and create a programming 


file. This file, once downloaded 
to the programmer, 
con- 
figures the design according 
to the user's desired func- 
tion. 


Macrocell Configurations 


The PALCE610 
macrocell 
can be configured 
as either 


combinatorial 
or registered. 
Both the combinatorial 
and 


registered 
configurations 
have output 
polarity 
control. 


The register 
can be configured 
as a D, T, J-K, 
or S-R 


type flip-flop. 
Figure 
1 shows 
the possible 
configura- 


tions. 


Each macrocell 
can select as its clock either the corre- 


sponding 
clock pin or the CLK/OE 
product 
term. If the 


clock pin is selected, 
the output enable is controlled 
by 


the CLK/OE product term. If the CLK/OE product term is 
selected, 
the output 
is always 
enabled. 


Combinatorial 
I/O 


All 8 product 
terms 
are available 
to the OR gate. The 


output-enable 
function 
is performed 
by the 
CLK/OE 


product term. 


Registered Configurations 


There are 4 flip-flop types available: 
D, T, J-K and S-R. 


The 
registers 
can 
be configured 
as synchronous 
or 


asynchronous. 
In the synchronous 
configuration, 
the 


clock is controlled 
by the clock input pin. The output en- 
able is controlled 
by the product 
term function. 
In the 


asynchronous 
configuration, 
the 
clock 
input 
is con- 
trolled 
by 
the 
product 
term. 
The 
output 
is always 


enabled. 


In The D and T configurations, 
feedback 
can be either 


from Q or the output pin. This allows D and T configura- 
tions to be either outputs or 1/0. In the J-K and S-R con- 
figurations, 
feedback 
is only from Q; therefore, 
J-K and 


S-R configurations 
are strictly outputs. 


D Flip-Flop 


All 8 product terms are available 
to the OR gate. The D 


input polarity is controlled 
by an exclusive-OR 
gate. For 


the D flip-flop, the output level is the D-input level at the 
rising edge of the clock. 


0 
an 
an+1 


0 
0 
0 


0 
1 
0 


1 
0 
1 


1 
1 
1 


T Flip-Flop 


All 8 product 
terms 
are available 
to the OR gate. The 


T input polarity 
is controlled 
by an exclusive-OR 
gate. 


For the T register, 
the output 
level toggles 
when the T 


input is HIGH and remains the same when the T input is 
LOW. 


T 
an 
an+1 


0 
0 
0 


0 
1 
1 


1 
0 
1 


1 
1 
0 


J-K Flip-Flop 


The 8 product terms are divided between the J and K in- 
puts. N product terms go to the J input and 8-N product 
terms go to the K input, where N can range from 0 to 8. 
Both the J and K inputs to the flip-flop 
have polarity con- 
trol via exclusive-OR 
gates. 
The J-K flip-flop 
operation 
is shown below. 


J 
K 
an 
an+1 


0 
0 
0 
0 


0 
0 
1 
1 


0 
1 
0 
0 


0 
1 
1 
0 


1 
0 
0 
1 


1 
0 
1 
1 


1 
1 
0 
1 


1 
1 
1 
0 


Figure 1. Macrocell Configurations 
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5-R Flip-Flop 


The 8 product 
terms 
are divided 
between 
the Sand 
R 


inputs. 
N product terms go to the S input and 8-N prod- 
uct terms go to the R input, where N can range from 0 to 
8. Both the Sand 
R inputs to the flip-flop 
have polarity 


control via exclusive-OR 
gates. The S-R flip-flop opera- 
tion is shown below. 


S 
R 
Q" 
0'" 


0 
0 
0 
0 


0 
0 
1 
1 


0 
1 
0 
0 


0 
1 
1 
0 


1 
0 
0 
1 


1 
0 
1 
1 


1 
1 
Not Allowed 


Asynchronous 
Reset 


All flip-flops 
have an asynchronous-reset 
product-term 


input. When the product term is true, the flip-flop will re- 
set to a logic LOW, 
regardless 
of the clock 
and data 


inputs. 


Power-Up Reset 


All flip-flops 
power up to a logic LOW for predictable 
sys- 


tem initialization. 
Outputs 
of the PALCE61 0 depend on 


whether 
they are selected 
as registered 
or combinato- 


rial. If registered 
is selected, 
the output will be LOW. If 


combinatorial 
is selected, the output will be a function of 


the logic. The Vcc rise must be monotonic 
and the reset 


delay time is 1000 ns maximum. 


Register Preload 


The register 
on the PALCE610 
can be preloaded 
from 


the output pins to facilitate 
functional 
testing of complex 
state machine 
designs. 
This feature allows direct load- 


ing of arbitrary 
states, 
making 
it unnecessary 
to cycle 


through 
long test vector 
sequences 
to reach a desired 


state. In addition, 
transitions 
from illegal states can be 


verified 
by loading 
illegal 
states and observing 
proper 


recovery. 


Security Bit 


After programming 
and verification, 
a PALCE610 
de- 


sign can be secured 
by programming 
the security 
bit. 


Once programmed, 
this bit defeats 
readback 
of the in- 


ternal programmed 
pattern by a device programmer, 
se- 


curing proprietary 
designs 
from competitors. 
However, 


programming 
and verification 
are also defeated 
by the 


security 
bit. The bit can only be erased 
in conjunction 


with the array during the erase cycle. Preload 
is not af- 


fected by the security 
bit. 


Technology 


The 
PALCE610 
is manufactured 
using 
AMD's 
ad- 


vanced 
Electrically 
Erasable 
(EE) CMOS process. 
This 


technology 
uses an EE cell to replace the fuse link in bi- 


polar parts, and allows AMD to offer lower-power 
parts 


of high complexity. 
In addition, 
since the EE cells can be 


erased and reprogrammed, 
these devices can be 100% 


factory tested before being shipped to the customer. 
In- 


puts and outputs 
are designed 
to be compatible 
with 


TTL 
devices. 
This 
technology 
provides 
strong 
input 


clamp diodes, output slew-rate 
control, 
and a grounded 


substrate 
for clear switching. 


Programming and Erasing 


The PALCE610 
can be programmed 
on standard 
logic 


programmers. 
It also may be erased 
to reset a previ- 


ously 
configured 
device 
back 
to its virgin 
state. 
Bulk 


erase is automatically 
performed 
by the programming 


hardware. 
No special erase operation 
is required. 


CMOS Compatibility 


The 
PALCE610 
has CMOS-compatible 
outputs. 
The 


output voltage 
(VOH) is 3.85 V at -2.0 
mA. 


PALCE610 
LOGIC DIAGRAM 


DIP (PLCC) Pinouts 


16 
24 
• 


(17) 


13 
CLK2 
(111 
16 
24• 
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ABSOLUTE 
MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to +150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to +7.0 V 


DC Input Voltage 
-0.5 
V to Vcc + 0.5 V 


DC Output or 
I/O Pin Voltage 
-0.5 
V to Vcc + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Latcl1up Current 
(TA = O°C to +75°C) 
...........•........ 
100 mA 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Max 
imum Ratings for extended periods may affect device reliabi 
lity. Programming conditions may differ. 


OPERATING 
RANGES 


Commercial 
(C) Devices 


Ambient 
Temperature 
(TA) 
Operating 
in Free Air 
DOCto +75°C 


Supply Voltage 
(Vee) 
with Respect to Ground 
..... 
+4.75 V to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS 
over COMMERCIAL 
operating 
ranges unless 
otherwise 
specified 
(Note 2) 


Parameter 
Symbol 
Parameter Description 
Test Conditions 
Min 
Max 
Unh 


VOH 
Output HIGH Voltage 
VIN= VIHor VIL 
IOH= -4.0 mA 
2.4 
V 


Vcc = Min 
IOH= -2.0 mA 
3.84 
V 


VOL 
Output LOW Voltage 
VIN= VIHor VIL 
IOL= 8.0 mA 
0.5 
V 


Vcc = Min 
IOL= 4.0 mA 
0.45 
V 


VIH 
Input HIGH Voltage 
Guaranteed Input Logical HIGH 
2.0 
V 


Voltage for all Inputs (Note 1) 


VIL 
Input LOW Voltage 
Guaranteed Input Logical LOW 
0.8 
V 


Voltage for all Inputs (Note 1) 


hH 
Input HIGH Leakage 
VIN= 5.25 V, Vcc = Max (Note 2) 
10 
!1A 
Current 


IlL 
Input LOW Leakage 
VIN= 0 V, Vcc = Max (Note 2) 
-10 
!1A 
Current 


lozH 
Off-State Output Leakage 
VOUT= 5.25 V, Vce= Max 
10 
!1A 
Current HIGH 
VIN= VIHor VIL(Note 2) 


loZL 
Off-State Output Leakage 
VOUT= 0 V, Vce = Max 
-10 
!1A 
Current LOW 
VIN= VIHor VIL(Note 2) 


Isc 
Output Short-Circuit 
VOUT= 0.5 V, Vcc = Max (Note 3) 
-30 
-150 
mA 
Current 


Ice 
Supply Current 
VIN= 0 V, Outputs Open (lOUT= 0 mAl 
90 
mA 


Vcc = Max 


Notes: 
1. These are absolute values with respect to device ground and all overshoots due to system and tester noise are included. 


2. 
VOpin leakage is the worst case of hL and 10ZL (or hH and 10zH). 


3. 
Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. VOUT = 0.5 V 
has been chosen to avoid test problems caused by tester ground degradation. 


Parameter 


Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Unit 


C,N 
Input Capacitance 
V,N = 2.0 V 
Vcc = 5.0 V 
8 


TA = +25°C 
pF 
GoUT 
Output 
Capacitance 
VOOT= 2.0 V 
1=1 
MHz 
8 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 


-15 
-25 


Parameter 
Symbol 
Parameter 
Description 
Mln 
Max 
Mln 
Max 
Unit 


tpo 
Input or Feedback 
to Combinatorial 
Output 
15 
25 
ns 


ts 
Setup 
Time Irom 
Input or Feedback 
to Clock 
12 
15 
ns 


tH 
Hold Time 
0 
0 
ns 


tca 
Clock 
to Output 
8 
12 
ns 


tWL 
Clock 
LOW 
6 
10 
ns 


tWH 
Width 
HIGH 
6 
10 
ns 


Maximum 
External 
Feedback 
I 1/lts 
+ tco I 
50 
37 
MHz 


IMAX 
Frequency 
Internal 
Feedback 
(leNT) 
76.1 
40 
MHz 


(Note 
3) 
No Feedback 
I l/(twH + tWL) 
83.3 
50 
MHz 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
15 
25 
ns 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
15 
25 
ns 


IAR 
Asynchronous 
Reset 
to Registered 
Output 
15 
25 
ns 


tARW 
Asynchronous 
Reset 
Width 
10 
15 
ns 


IARR 
Asynchronous 
Reset 
Reoovery 
Time 
15 
25 
ns 


tSA 
Setup 
Time Irom 
Input or Feedback 
to Clock 


(Note 4) 
5 
8 
ns 


tHA 
Hold Time 
(Note 
4) 
5 
12 
ns 


tCOA 
Clock 
to Output 
(Note 4) 
15 
27 
ns 


tWLA 
Clock 
LOW 
(Note 4) 
6 
10 
ns 


tWHA 
Width 
HIGH 
(Note 4) 
6 
10 
ns 


Maximum 
External 
Feedback 
I l/1lsA 
+ tcoAI 
50 
28.6 
MHz 


IMAXA 
Frequency 
Internal 
Feedback 
(ICNT) 
61.6 
29.4 
MHz 
(Notes 
3 
and 4) 
No Feedback 
I l/(twLA + tWHA) 
83.3 
50 
MHz 


Notes: 
2. 
See Switching Test Circuit for test conditions. 


3. 
These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 


4. 
These parameters are measured using the asynchronous product-term clock.. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
-65°C 
to + 150°C 


Ambient 
Temperature 
with Power Applied 
-55°C 
to +125°C 


Supply Voltage with 
Respect to Ground 
-0.5 
V to 
+7.0 V 


DC Input Voltage 
-0.5 
V to Vee + 0.5 V 


DC Output 
or I/O 
Pin Voltage 
-0.5 
V to Vee + 0.5 V 


Static Discharge 
Voltage 
2001 V 


Latchup 
Current 
(Tc = -55°C 
to +125°C) 
100 mA 


Stresses 
above 
those 
listed 
under 
Absolute 
Maximum 
Rat- 


ings may cause 
permanent 
device 
failure. 
Functionality 
at or 


above 
these limits 
is not implied. 
Exposure 
to Absolute 
Maxi- 


mum Ratings 
for extended 
periods 
may affect device 
reliabil- 


ity. Programming 
conditions 
may 
differ. 
Absolute 
Maximum 


Ratings 
are for system 
design 
reference; 
parameters 
given 


are not tested. 


OPERATING RANGES 
Military 
(M) Devices 
(Note 1) 
Operating 
Case 
Temperature 
(Te) 
-55°C 
to +125°C 


Supply Voltage 
(Vee) 
with Respect to Ground 
+4.5 V to +5.5 V 


Operating 
ranges 
define 
those limits between 
which 
the func- 
tionality 
of the device 
is guaranteed. 


Note: 
1. 
Military 
products 
are 100% tested 
at Tc = +25"C, 
+ 125"C 


and -55"C, 
per MIL-STD-883. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Unit 


VOH 
Output 
HIGH 
Voltage 
VIN = VIH or VIL 
I IOH= -2 mA 
2.4 
V 


Vcc = Min 
IloH=-1 
mA 
3.84 


VOL 
Output 
LOW 
Voltage 
IOL= 4 mA 
VIN = VIH or VIL 
0.5 
V 


Vcc = Min 


VIH 
Input 
HIGH 
Voltage 
Guaranteed 
Input Logical 
HIGH 
2.0 
V 


Voltage 
for all Inputs 
(Note 3) 


VIL 
Input LOW 
Voltage 
Guaranteed 
Input Logical 
LOW 
0.8 
V 


Voltage 
for all Inputs 
(Note 3) 


IIH 
Input 
HIGH 
Leakage 
Current 
VIN = 5.5 V, Vce = Max (Note 4) 
10 
~ 


IlL 
Input 
LOW 
Leakage 
Current 
VIN = 0 V, Vce = Max (Note 4) 
-10 
~ 


loZH 
Off-State 
Output 
Leakage 
VOUT= 5.5 V, Vce = Max 


Current 
HIGH 
VIN = VIHor VIL (Note 4) 
10 
JlA 


lOll 
Off-State 
Output 
Leakage 
VOUT= 0 V, Vcc = Max 


Current 
LOW 
VIN = VIHor VIL (Note 4) 
-10 
JlA 


Isc 
Output 
Short-Circuit 
Current 
VOUT= 0.5 V, Vce = 5.0 V, TA = 25° C 
-30 
-150 
mA 


(NoteS) 


Ice 
Supply 
Current 
Outputs 
Open 
(louT= 0 A) 
90 
mA 


Vce= 
Max 


Notes: 


2. 
For APL products, 
Group A, Subgroups 
1,2 and 3 are tested per MIL-STD-833, 
Method 
5005, 
unless 
otherwise 
noted. 


3. 
V/L and 
VIH are input conditions 
of output 
tests and are not themselves 
directly 
tested. 
V/L and 
V/H are absolute 
voltages 
with 
respect 
to device 
ground 
and include 
all overshoots 
due to system 
and/or 
tester 
noise. 
Do not attempt 
to test these 
values 
without 
suitable 
equipment. 


4. 
I/O pin leakage 
is the worst 
case of IiL and loZL (or IiH and Jam). 


5. 
Not more 
than one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 


VOUT= 0.5 V has been 
chosen 
to avoid 
test problems 
caused 
by tester ground 
degradation. 
This parameter 
is not 
100% 


tested, 
but is evaluated 
at initial 
characterization 
and at anytime 
the design 
is modified 
where 
los may be affected. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ. 
Unit 


CIN 
Input Capacitance 
VIN = 2.0 V 
Vcc 
8 


TA = +25°C 
pF 


GoUT 
Output 
Capacitance 
VOUT= 2.0 V 
f= 
1 MHz 
8 


Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where capacitance may be affected. 
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Parameter 
Symbol 
Parameter 
Description 
Min 
Max 
Unit 


!PD 
Input Dr Feedback 
tD Combinatorial 
Output 
20 
ns 


Is 
Setup 
nme 
from 
Input or Feedback 
to Clock 
15 
ns 


tH 
Hold Time 
0 
ns 


tco 
Clock 
to Output 
10 
ns 


tWL 
Clock 
LOW 
8 
ns 


tWH 
Width 
HIGH 
8 
ns 


Maximum 
External 
Feedback 
I 
1/(t5 
+tcol 
40 
MHz 


fMAX 
Frequency 
Internal 
Feedback 
(fCNT) 
50 
MHz 


(Note 
3) 
No Feedback 
I 
1/(twH 
+ tWL) 
62.5 
MHz 


tEA 
Input to Output 
Enable 
Using 
Product 
Term 
Control 
20 
ns 
(Note 
3) 


tER 
Input to Output 
Disable 
Using 
Product 
Term 
Control 
20 
ns 
(Note 3) 


tAR 
Asynchronous 
Reset 
to Registered 
Output 
20 
ns 


tARW 
Asynchronous 
Reset 
Width 
(Note 3) 
20 
ns 


tARR 
Asynchronous 
Reset 
Recovery 
Time 
(Note 3) 
20 
ns 


tSA 
Setup 
Time from 
Input or Feedback 
to Clock 


(Note 
4) 
8 
ns 


tHA 
Hold Time 
(Note 
4) 
10 
ns 


tcoA 
Clock 
to Output 
(Note 4) 
20 
ns 


tWLA 
LOW 
(Note 4) 
8 
ns 
Clock 
tWHA 
Width 
HIGH 
(Note 4) 
8 
ns 


Maximum 
External 
Feedback 
I 
1/(tsA 
+ tCOA) 
35.8 
MHz 
fMAXA 
Frequency 
Internal 
Feedback 
(fCNT) 
45 
MHz 
(Notes 
3 
No Feedback 
I 


lI(twLA + tWHA) 
52.6 
MHz 
and 4) 


Notes: 
2. 
See Switching Test Circuit for test conditions. For APL Products, Group A, Subgroups 9, 10, and 11are tested per 
MIL-STD-883, Method 5005, unless otherwise noted. 


3. 
These parameters 
are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 


4. 
These parameters are measured using the asynchronous product-term clock. 
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SWITCHING WAVEFORMS 


Input or 
Feedback 


Combinatorial 
Output 


Input 
Asserting 
Asynchronous 
Reset 


Registered 
Output 


-ikm'-----VT 


Clock Width Using 
Product-Term 
Clock 


Notes: 


1.Vr=1.5V 
2. Input pulse amplitude 0 V to 3.0 V 
3. Input rise and fall times 2 ns-5 ns typical. 


Input or 
Feedback 


Registered 
Output 
_ 


12950F-9 


Input to Output Disable/Enable 


Registered 
Output 
_ 


12950F-11 


Registered 
Output Using 


Product-Term 
Clock 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
Steady 
Steady 
\\\\\ 


May 
Will be 
Change 
Changing 
from H to L 
from Hto L 
IIIII 


May 
Will be 
Change 
Changing 
from Lto H 
from L to H 


~ 


Don't Care, 
Changing, 


Any Change 
State 
Permitted 
Unknown 
J}) err 


Does Not 
Center 
Apply 
Line is High- 
Impedance 
"Off" State 


KSOOOO10-PAL 


Commercial 
Military 
Measured 
Specification 
5, 
, 


CL 
R, 
R2 
R, 
R2 
Output Value 


tPD,tea 
Closed 
35 pF 
1.5 V 


tEA 
z~ 
H: Open 
35 pF 
1.5V 
z~ 
L: Closed 
855n 
340n 
855n 
340n 


tER 
H ~Z:Open 
5 pF 
H ~ Z: VOH- 0.5 V 
L~Z: 
Closed 
L ~ Z: VOL+ 0.5 V 
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ENDURANCE 


Symbol 
Parameter Description 
Test Conditions 
Mln 
Unit 


tOR 
Pattern Data Retention Time 
Max Storage Temperature 
10 
Years 


Max Operating Temperature 
20 
Years 


N 
Reprogramming Cycles 
Normal Programming Conditions 
100 
Cycles 


ESD 
ProgramNerify 
'= 


Protection 
Circuitry 


Preload 
Feedback 
Circuitry 
Input 


Power-Up Reset 


The power-up 
reset feature ensures that all flip-flops will 


be reset to LOW after the device has been powered 
up. 


This feature 
is valuable 
in simplifying 
state machine 
in- 


itialization. 
A timing 
diagram 
and parameter 
table are 


shown below. 
Due to the synchronous 
operation 
of the 


power-up 
reset and wide range of ways Vcc can rise to 


its steady state, two conditions 
are required 
to insure a 


valid power-up 
reset. 
These conditions 
are: 


• 
The Vcc rise must be monotonic. 


• 
Following 
reset, the clock input must not be driven 


from LOW to HIGH until all applicable 
input and feed- 


back setup times are met. 


Parameter 
Symbol 
Parameter Description 
Max 
Unit 


tPA 
Power-up Reset Time 
1000 
ns 


ts 
Input or Feedback Setup Time 
See Switching 
tWL 
Clock Width LOW 
Characteristics 


tPA ---_J 
\\ 
Wl 


~tWL 


Registered 
Output 
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TYPICAL THERMAL CHARACTERISTICS 


Measured 
at 25°C ambient. 
These parameters 
are not tested. 


Parameter 
Typ 


Symbol 
Parameter Description 
SKINNYDIP 
PLCC 
Unit 


9jc 
Thermal 
impedance, 
junction 
to case 
21 
20 
°elW 


9ja 
Thermal 
impedance, 
junction 
to ambient 
72 
57 
°elW 


9jma 
Thermal 
impedance, 
junction 
to 
200 Ifpm air 
64 
47 
°elW 
ambient 
with air flow 
°elW 
400 Ifpm air 
60 
44 


600 Ifpm air 
55 
40 
°elW 


800 Ifpm air 
49 
36 
°elW 


Plastic Sjc Considerations 


The data listed 
for plastic 
9jc are for reference 
only and are not recommended 
for use in calculating 
junction 
temperatures. 
The 
heat-flow 
paths 
in plastic-encapsulated 
devices 
are complex. 
making 
the 9jc measurement 
relative 
to a specific 
location 
on the 
package 
surface. 
Tests indicate 
this measurement 
reference 
point is directly 
below 
the die-attach 
area on the bottom 
center 
of the 
package. 
Furthermore, 
9jc tests on packages 
are performed 
in a constant-temperature 
bath, keeping 
the package 
surface 
at a 
constant 
temperature. 
Therefore, 
the measurements 
can only be used in a similar 
environment. 
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- 
MACH 1 and 2 Device Families 
High-Density 
EE CMOS Programmable 
Logic 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
High-performance, 
high-density, 


electrically-erasable 
CMOS 
PLD families 


• 
900 to 3600 PLD gates 


• 
44 to 84 pins 
in cost-effective 
PLCC and CQFP 


packages 


• 
32 to 128 macrocells 


• 
0.8 JlIT1 CMOS provides 
predictable 


design-Independent 
high speeds 


- 
Commercial 
10/12/15/20-ns 
tPD, 
80/67/50/40-MHz 
fMAx 
- 
Military 20-ns tPD,40-MHz 
fMAx 


• 
Synchronous 
and asynchronous 
devices 


• 
PAL blocks 
connected 
by switch 
matrix 


- 
Provides 
optimized 
global connectivity 


- 
Switch matrix integrates 
blocks into uniform 


device 


• 
COnflgurable 
macrocells 
- 
Programmable 
polarity 
- 
Registered 
or combinatorial 


- 
Intemal 
and 110 feedback 


- 
Ootype or Hype 
flip-flops 


- 
Choice of clocks for each flip-flop 


- 
Input registers 
for MACH 2 family 


• 
Extensive 
third-party 
software 
and programmer 


support 
through 
FusionPLD 
partners 


- 
Schematic 
capture 
and text entry 


- 
Compilation 
and JEOEC file generation 


- 
Design simulation 
- 
Logic and timing models 


- 
Standard 
PLO programmers 


• 
Each MACH product 
has a factory 
programming 


option 
available 
for high-volume 
applications 


Max 
Max 
Max 
Speed 
Device 
Pins 
Macrocells 
PLD Gates 
Inputs 
Outputs 
Flip-Flops 
(ns) 


MACH 1 Family 


MACHll0 
44 
32 
900 
38 
32 
32 
12,15,20 


MACH120 
68 
48 
1200 
56 
48 
48 
15,20 


MACH130 
84 
64 
1800 
70 
64 
64 
15,20 


MACH 2 Family 


MACH210 
44 
64 
1800 
38 
32 
64 
10,12,15,20 
MACH220 
68 
96 
2400 
56 
48 
96 
12,15,20 
MACH230 
84 
128 
3600 
70 
64 
128 
15 20 
Asynchronous 
MACH Deyice 


MACH215 
44 
64 
1500 
I 
38 
32 
64 
12,15,20 


GENERAL 
DESCRIPTION 


The MACH 
(Macro 
Array 
CMOS 
High-density) 
family 


provides 
a new way to implement 
large logic designs 
in 


a programmable 
logic device. 
AMD has combined 
an 


innovative 
architecture 
with 
advanced 
electrically- 


erasable 
CMOS 
technology 
to 
offer 
a device 
with 


several times the logic capability 
of the industry's 
most 
popular 
existing 
PAL device 
solutions 
at comparable 


speed and cost. 


Their unique architecture 
makes these devices ideal for 


replacing 
large amounts 
of TTL, PAL-device, 
glue, and 


gate-array 
logic. They are the first devices 
to provide 


such 
increased 
functionality 
with 
completely 
predict- 
able, deterministic 
speed. 


The 
MACH 
devices 
consist 
of PAL blocks 
intercon- 


nected 
by a programmable 
switch 
matrix 
(Figure 
1). 


Designs 
that 
consist 
of several 
interconnected 
func- 


tional 
modules 
can 
be 
efficiently 
implemented 
by 


placing the modules 
into PAL blocks. 
Designs 
that are 


not as modular 
can also be readily 
implemented 
since 


the switch 
matrix provides 
a high level of connectivity 


between 
PAL 
blocks. 
The 
internal 
arrangement 
of 


resources 
is 
managed 
automatically 
by the 
design 


software, 
so that 
the 
designer 
does 
not 
have to be 


concerned 
with the logic implementation 
details. 


The MACH family consists 
of the MACH 1 and MACH 2 


series of synchronous 
devices 
and the MACH215, 
an 


asynchronous device. The MACH 1 and 2 series are 
ideal for synchronous subsystems like memory control- 
lers and peripheral controllers. The MACH215 is 
appropriate for applications having asynchronous in- 
puts and for collecting random glue logic. 


AMD's FusionPLD program allows MACH device de- 
signs to be implemented using a wide variety of popular 
industry-standard design tools. By working closely with 
the FusionPLD partners, AMD certifies that the tools 
provide timely, accurate, quality support. This ensures 
that a designer does not haveto buy a complete newset 


oftools for each new device, but rather can use the tools 
with which he or she is already familiar. The MACH 
devices can be programmed on conventional PAL 
device programmers with appropriate personality and 
socket adapter modules. 


MACHdevices are manufactured using AMD's state-of- 
the-art advanced CMOS electrically-erasable process 
for high performance and logic density. CMOS EE 
technology provides 100% testability, reducing both 
prototype development costs and production costs. 


- O~p~t-:-B~ried 
Macro- 
I Macro- 
cells 
I 
cells' 


• Buried macrocell available on MACH 2 devices only. 


Figure 1. MACH 1 and 2 Block Diagram 


Output: 
Buried 
Macro- I Macro- 
__:e~l~_:__c~~s~ 


Output: 
Buried 
Macro- I Macro- 
cells 
I 
cells' 
______ 
1 
_ 
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Design Methodology 


Design tools for MACH devices are widely available 
both from AMD and from third-party software vendors. 
AMD provides PALASM software as a low-cost baseline 
tool set and works with tools vendors to ensure broad 
MACH device support. This allows designers to do 
MACH device designs using the same tools that 
they would use to do PAL device designs, whether 
PALASM software or any of the other popular PAL 
device design packages. 


Design entry is the same as that used for PAL devices. 
The basic logic processing steps are the same steps 
that are needed to process and minimize logic for any 
PAL device. Simulation is available for verifying the 
correct behavior of the device. Functional (unit-delay) 
simulation of MACH devices is supported in all ap- 
proved software packages, and other options for 
simulating the timing and board-level behavior of the 
MACHdevices are available. The end result is aJEDEC 
file that can be downloaded to a programmer for device 
configuration. 


MACH device design methodology differs somewhat 
from that of a PAL device due to the automatic design 


fitting procedure that the software performs. Designs 
written by logic designers-whether 
by schematic 


capture, state machine equations, or Boolean equa- 
tions-are 
partitioned and placed into the PAL blocks of 


the MACH device. While this procedure is handled 
automatically by the software, the software can also 
accept manual direction based upon the user's working 
knowledge of the design. The overall device utilization 
provided bythe Fitterwill vary from design to design, but 
a utilization target of no greater than 70% is recom- 
mended. Since a design must be entered and fit in order 
to calculate actual utilization, it is bestto beconservative 
when estimating utilization before starting a design. 


AMD recommends allowing the software to decide the 
best fit and pin placement automatically for the first 
design iteration to provide the best chance of fitting. 
With this approach, large designs can be implemented 
incrementally, starting with low device utilization and 
building up by adding logic until the device is full. This 
generally means that designs are done without any 
specific pinout assignments, with the final 
pinout 


decided by the software. While it is possible to pre-place 
signals, it is not recommended in most cases. If done 
carefully, pre-placement can help the software fit 


difficult designs; if not done carefully, it may make it 
harder for the design to fit. Guidelines on specifying 
the initial pinout are provided in the MACH Technical 
Briefs book. 


The design is partitioned and placed into the MACH 
device by the software so as not to affect the perform- 
ance of the design. With designs that do not fit, it is 
possible to make some performance tradeoffs to aid in 
fitting (for example, by optimizing the flip-flop type or 
passing through the device more than once), but those 
tradeoffs must be specifically requested, and any 
additional delays are entirely predictable. 


Once an initial design fits, there may be subsequent 
changes to the design. This is important if board layout 


has already started based on the original pinout. Design 
changes make it necessary to refit the design, which 
may result in a different pinout. Some design changes 
may make it impossible to refit the design, regardless of 
the pinout. The stability of the design and the expected 
extent of any changes should therefore be considered 
before committing the design to layout. Careful designs 
that target about 70% utilization will 
make future 


changes much easier. Higher utilization will make 
design changes much more difficult to implement. Hints 
on designing for change can be found in the MACH 
Device Design Planning Guide near the end of this 
book, and in the article Designing for Change with 
MACH Devices in the Technical Briefs book. 
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DISTINCTIVE CHARACTERISTICS 


• 
44 Pins 
• 
32 Macrocells 


• 
12 ns tpo Commercial 
20 ns tpo Military 


• 
66.7 MHz fMAX external Commercial 
40 MHz fMAX external Military 


• 
38lnputs 


• 
32 Outputs 
• 
32 Flip-Flops; 2 clock choices 


• 
2 "PAL22V16" Blocks 
• 
Pin-compatible 
with MACH210, MACH215 


GENERAL 
DESCRIPTION 


The MACH11 0 is a member of AM D's high-performance 
EE CMOS 
MACH 
1 family. 
This device 
has approxi- 


mately three times the logic macrocell 
capability 
of the 


popular 
PAL22V10 
with no loss of speed. 


The 
MACH110 
consists 
of two 
PAL blocks 
intercon- 


nected by a programmable 
switch matrix. The two PAL 


blocks are essentially 
"PAL22V1S" 
structures 
complete 


with 
product-term 
arrays 
and 
programmable 
macro- 


cells. 
The 
switch 
matrix 
connects 
the 
PAL blocks 
to 


each other and to all input pins, providing 
a high degree 


of connectivity 
between the fully-connected 
PAL blocks. 


This allows designs 
to be placed and routed efficiently. 


The MACH11 0 macrocell 
provides 
either registered 
or 


combinatorial 
outputs 
with programmable 
polarity. 
If a 


registered 
configuration 
is chosen, 
the register 
can be 


configured 
as D-type or T-type to help reduce the num- 


ber of product terms. The register type decision 
can be 


made by the designer 
or by the software. 
All macrocells 


can be connected 
to an 1/0 cell. If a buried macrocell 
is 


desired, 
the internal feedback 
path from the macrocell 


can be used, 
which 
frees 
up the 
1/0 pin for use as 


an input. 
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BLOCK DIAGRAM 


10-11. 
13-14 


16 


I/O 
Cells 


16 
16 


2 
Macrocells 


OE 
44 x 70 
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DISTINCTIVE CHARACTERISTICS 


• 
68 Pins 


• 
48 Macrocells 


• 
15 nstPO 


• 
50 MHz fllAX external 


• 
56lnputs 


• 
48 Outputs 


• 
48 Flip-flops; 
4 clock 
choices 


• 
4 PAL blocks 


• 
Pin-compatible 
with 
MACH220 


GENERAL 
DESCRIPTION 


The MACH120 
is a member of AM D's high-performance 


EE CMOS 
MACH 
1 family. 
This device 
has approxi- 
mately five times 
the logic macrocell 
capability 
of the 


popular 
PAL22V10 
with no loss of speed. 


The MACH120 
consists 
of four 
PAL blocks 
intercon- 
nected 
by a programmable 
switch 
matrix. 
The switch 


matrix connects 
the PAL blocks to each other and to all 


input pins, providing 
a high degree 
of connectivity 
be- 


tween the fully-connected 
PAL blocks. This allows de- 
signs to be placed and routed efficiently. 


The MACH120 
macrocell 
provides 
either registered 
or 


combinatorial 
outputs 
with programmable 
polarity. 
If a 


registered 
configuration 
is chosen, 
the register 
can be 


configured 
as D-type or T-type to help reduce the num- 


ber of product terms. The register type decision 
can be 


made by the designer 
or by the software. 
All macrocells 


can be connected 
to an 1/0 cell. If a buried macrocell 
is 


desired, 
the internal 
feedback 
path from the macrocell 


can be used, which 
frees up the 1/0 pin for use as an 


input. 
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High-Density 
EE CMOS Programmable 
Logic 


DISTINCTIVE CHARACTERISTICS 


• 
84Plns 
• 
64 Macrocells 
• 
15 ns tPDCommercial 
20 ns tPD Military 


• 
50 MHz fMAXexternal Commercial 
40 MHz fMAxexternal Military 


• 
70 Inputs 
• 
64 Outputs 
• 
64 Flip-flops; 4 clock choices 


• 
4 "PAL26V16" Blocks with burled Macrocells 


• 
Pin-compatible 
with MACH230, MACH435 


GENERAL 
DESCRIPTION 


The MACH130 
is a memberof 
AMD's high-performance 


EE CMOS 
MACH 
1 family. 
This device 
has approxi- 


mately 
six times 
the 
logic macrocell 
capability 
of the 


popular 
PAL22V10 
at an equal speed with a lower cost 


per macrocell. 


The MACH130 
consists 
of four 
PAL blocks 
intercon- 


nected 
by a programmable 
switch 
matrix. 
The switch 


matrix connects 
the PAL blocks to each other and to all 


input pins, providing 
a high degree 
of connectivity 
be- 


tween the fully-connected 
PAL blocks. This allows de- 


signs to be placed and routed efficiently. 


The MACH130 
macrocell 
provides 
either registered 
or 


combinatorial 
outputs 
with programmable 
polarity. 
If a 


registered 
configuration 
is chosen, 
the register 
can be 


configured 
as D-type or T-type to help reduce the num- 


ber of product terms. The register type decision 
can be 


made by the designer 
or by the software. 
All macrocells 


can be connected 
to an I/O cell. If a buried macrocell 
is 


desired, 
the internal feedback 
path from the macrocell 


can be used, which 
frees up the I/O pin for use as an 


input. 
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MACH21 OA-10 
MACH210-12/15/20 
MACH210AQ-15/20 
High-Density 
EE CMOS Programmable 
Logic 


DISTINCTIVE CHARACTERISTICS 


• 
44 Pins 
• 
64 Macrocells 


• 
10 ns tPDCommercial 
20 ns tPDMilitary 


• 
80 MHz fMAXexternal Commercial 
40 MHz fMAXexternal Military 
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• 
38 Inputs; 210A Inputs have built-In pUll-up 
resistors 


• 
32 Outputs 
• 
64 Flip-flops; 2 clock choices 


• 
4 "PAL22V16" blocks with burled macrocells 


• 
Pin-compatible 
with MACH110, MACH215 


GENERAL 
DESCRIPTION 


The MACH21 0 is a member of AM D's high-performance 
EE CMOS 
MACH 2 device family. This device 
has ap- 


proximately 
six times the logic macrocell 
capability 
of 


the popular 
PAL22V10 
with no loss of speed. 


The MACH210 
consists 
of four 
PAL blocks 
intercon- 
nected by a programmable 
switch matrix. The four PAL 


blocks are essentially 
"PAL22V16" 
structures 
complete 


with 
product-term 
arrays 
and 
programmable 
macro- 


cells, including 
additional 
buried macrocells. 
The switch 


matrix connects 
the PAL blocks to each other and to all 


input 
pins, 
providing 
a high 
degree 
of 
connectivity 


between 
the fully-connected 
PAL blocks. 
This allows 


designs 
to be placed and routed efficiently. 


The MACH210 
has two kinds of macrocell: 
output and 


buried. The MACH21 0 output macrocell 
provides 
regis- 


tered, 
latched, 
or combinatorial 
outputs 
with program- 


mable polarity. 
If a registered 
configuration 
is chosen, 


the register 
can be configured 
as D-type 
or T-type 
to 


help reduce the number of product 
terms. 
The register 


type decision 
can be made by the designer 
or by the 


software. 
All output macrocells 
can be connected 
to an 


I/O cell. 
If a buried 
macrocell 
is desired, 
the 
internal 


feedback 
path from the macrocell 
can be used, which 


frees up the I/O pin for use as an input. 


The MACH21 0 has dedicated 
buried macrocells 
which, 


in addition 
to the capabilities 
of the output 
macrocell, 


also provide input registers or latches for use in synchro- 
nizing signals and reducing 
setup time requirements. 
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High Density EE CMOS Programmable 
Logic 


DISTINCTIVE CHARACTERISTICS 


• 
Low-yohage operation, 3.3 V JEDEC 
compatible 


- 
Vcc = +3.0 V to +3.6 V 


• 
10 mA standby power 


• 
44 Pins 
• 
64 Macrocells 


• 
15 ns tPD 
• 
50 MHz fMAXexternal 


• 
38 Inputs with pUll-up resIstors 


• 
32 Outputs 
• 
64 Flip-flops; 2 clock choices 


• 
4 "PAL22V16" blocks with burled macrocells 


• 
Pln-, functlon-, and JEDEC-compatlble 
with 


MACH210 


• 
Pin-compatible 
with MACH110, MACH215 


GENERAL 
DESCRIPTION 


The 
MACHLV210A 
is 
a 
member 
of 
AMO's 
high- 
performance 
EE CMOS MACH 2 device family. This de- 


vice 
has approximately 
six times 
the 
logic macrocell 


capability 
of the popular 
PAL22V10 
at an equal speed 


with a lower cost per macrocell. 
It is architecturally 
iden- 


tical to the MACH210, 
with the addition 
of 110 pull-up 


resistors 
and low-voltage, 
low-power 
operation. 


The MACHL V21 OA provides 
3.3 V operation 
with Iow- 


power CMOS technology. 
At 10 mA maximum 
standby 


current, 
the 
MACHL V21 OA is 
ideal 
for 
low-power 


applications. 


The MACHLV210A 
consists 
of four PAL blocks 
inter- 


connected 
by a programmable 
switch matrix. The four 


PAL blocks are essentially 
"PAL22V16" 
structures com- 
plete with product-term 
arrays and programmable 
mac- 
rocells, 
including 
additional 
buried 
macrocells. 
The 


switch matrix connects 
the PAL blocks to each other and 


to all input pins, providing 
a high degree of connectivity 


between 
the fully-connected 
PAL blocks. 
This allows 


designs 
to be placed and routed efficiently. 


The MACHLV210A 
has two kinds of macrocell: 
output 


and buried. 
The MACHL V21 OA output 
macrocell 
pro- 


vides registered, 
latched, or combinatorial 
outputs with 


programmable 
polarity. 
If a registered 
configuration 
is 


chosen, 
the register 
can 
be configured 
as O-type 
or 


T-type to help reduce the number of product terms. The 
register type decision can be made by the designer or by 
the software. 
All output macrocells 
can be connected 
to 


an 110 cell. If a buried macrocell 
is desired, 
the internal 


feedback 
path from the macrocell 
can be used, which 


frees up the 1/0 pin for use as an input. 


The 
MACHLV210A 
has dedicated 
buried 
macrocells 


which, 
in addition 
to 
the 
capabilities 
of the 
output 


macrocell, 
also 
provide 
input 
registers 
or latches 
for 


use in synchronizing 
signals 
and reducing 
setup time 


requirements. 
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DISTINCTIVE CHARACTERISTICS 


• 
68Plns 


• 
96 Macrocells 


• 
12nstpo 


• 
66.7 MHz fMAXexternal 


• 
56 Inputs with pUll-Up resistors 


• 
48 Outputs 


• 
96 Flip-flops; 
4 clock choices 


• 
8 PAL blocks with burled macrocells 


• 
Pin-compatible 
with MACH120 


GENERAL DESCRIPTION 


The MACH220 
is a memberof 
AMD's high-performance 


EE CMOS 
MACH 2 device family. 
This device has ap- 


proximately 
nine times the logic macrocell 
capability 
of 


the popular 
PAL22V10 
with no loss of speed. 


The MACH220 
consists 
of eight PAL blocks 
intercon- 


nected 
by a programmable 
switch 
matrix. 
The switch 


matrix connects 
the PAL blocks to each other and to all 


input pins, providing 
a high degree 
of connectivity 
be- 


tween 
the 
fully-connected 
PAL 
blocks. 
This 
allows 


designs 
to be placed 
and routed efficiently. 


The MACH220 
has two kinds of macrocell: 
output and 


buried. 
The 
output 
macrocell 
provides 
registered, 


latched, 
or combinatorial 
outputs 
with 
programmable 


polarity. 
If a registered 
configuration 
is chosen, 
the reg- 


ister can be configured 
as D-type 
or T-type 
to help 


reduce the number of product 
terms. The register type 


decision 
can be made by the designer 
or by the soft- 


ware. All output macrocells 
can be connected 
to an 1/0 


cell. If a buried macrocell 
is desired, 
the internal 
feed- 


back path from the macrocell 
can be used, which frees 


up the 1/0 pin for use as an input. 


The MACH220 
has dedicated 
buried macrocells 
which, 


in addition 
to the capabilities 
of the output 
macrocell, 


also provide input registers for use in synchronizing 
sig- 


nals and reducing 
setup time requirements. 
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DISTINCTIVE CHARACTERISTICS 


• 
84Plns 


• 
128 Macrocells 


• 
15 ns tPD 


• 
50 MHz flilAX external 


• 
70 Inputs 


• 
640utputs 


• 
128 Flip-flops; 
4 clock 
choices 


• 
8 "PAL26V16" 
blocks 
with 
burled 
macrocells 


• 
Pin-compatible 
with 
MACH130, 
MACH435 


GENERAL 
DESCRIPTION 


The MACH230 
is a member of AMO's high-performance 


EE CMOS 
MACH 2 device family. This device has ap- 
proximately 
twelve 
times the logic macrocell 
capability 


of the popular 
PAl22V10 
with no loss of speed. 


The MACH230 
consists 
of eight PAL blocks 
intercon- 
nected 
by a programmable 
switch 
matrix. 
The switch 


matrix connects 
the PAL blocks to each other and to all 


input pins, providing 
a high degree 
of connectivity 
be- 


tween 
the 
fully-connected 
PAL 
blocks. 
This 
allows 


designs 
to be placed and routed efficiently. 


The MACH230 
has two kinds of macrocell: 
output and 


buried. 
The 
output 
macrocell 
provides 
registered, 


latched, 
or combinatorial 
outputs 
with 
programmable 


polarity. 
If a registered 
configuration 
is chosen, 
the reg- 


ister can be configured 
as Ootype or T-type 
to help 


reduce the number of product 
terms. The register type 


decision 
can be made by the designer 
or by the soft- 


ware. All output macrocells 
can be connected 
to an I/O 


cell. If a buried 
macrocell 
is desired, 
the internal 
feed- 


back path from the macrocell 
can be used, which frees 


up the 1/0 pin for use as an input. 


The MACH230 
has dedicated 
buried macrocells 
which, 


in addition 
to the capabilities 
of the output 
macrocell, 


also provide input registers for use in synchronizing 
sig- 


nals and reducing 
setup time requirements. 
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DISTINCTIVE CHARACTERISTICS 


• 
44 Pins 


• 
32 Output 
Macrocells 


• 
32 Input 
Macrocells 


• 
Product 
terms 
for: 


- 
Individual 
flip-flop 
clock 


- 
Individual 
asynchronous 
reset, preset 


- 
Individual 
output enable 


• 
12 ns tPD 


• 
67 MHz fMAx external 


• 
38 Inputs 
with 
pull-up 
resistors 


• 
32 Outputs 


• 
64 
Flip-flops 


• 
4 "PAL22RA8" 
blocks 
with 
burled 
macrocells 


• 
Pin-compatible 
with 
MACH110, 
MACH210 


GENERAL 
DESCRIPTION 


The MACH215 
is a memberof 
AMO's high-performance 


EE CMOS 
MACH device 
family. 
This device 
has ap- 
proximately 
three 
times 
the capability 
of the popular 


PAL20RA 10 with no loss of speed. 


The 
MACH215 
consists 
of four 
PAL blocks 
intercon- 


nected by a programmable 
switch matrix. The four PAL 


blocks are essentially 
"PAL22RA8" 
structures 
complete 


with 
product-term 
arrays 
and 
programmable 
macro- 
cells, individual 
register control product terms, and input 


registers. 
The switch matrix connects 
the PAL blocks to 


each other and to all input pins, providing 
a high degree 


of connectivity 
between the fully-connected 
PAL blocks. 
This allows designs 
to be placed and routed efficiently. 


The MACH215 
has two kinds of macrocell: 
output and 


input. The MACH215 
output 
macrocell 
provides 
regis- 


tered, 
latched, 
or combinatorial 
outputs 
with program- 


mable polarity. 
If a registered 
configuration 
is chosen, 


the register 
can be configured 
as Ootype or T-type 
to 


help reduce the number of product 
terms. The register 


type decision 
can be made by the designer 
or by the 


software. 
Each macrocell 
has its own dedicated 
clock, 


asynchronous 
reset, and asynchronous 
preset control. 


The polarity of the clock signal is programmable. 
All out- 


put macrocells 
can be connected 
to an 110 cell. 


The MACH215 
has dedicated 
input macrocells 
which 


provide input registers or latches for synchronizing 
input 


signals and reducing 
setup time requirements. 
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High-Density 
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DISTINCTIVE CHARACTERISTICS 


• 
High-performance, 
high-density 


electrically-erasable 
CMOS PLD families 


• 
Predictable design-Independent 
15· and 20-ns 


speeds 
• 
High density, pin count 
- 
3500-10,000 PLD Gates 
- 
84-208 Pins 
- 
96-384 Registers 


• 
Input and output switch matrices increase 
ability to hold a fixed pinout 


• 
JTAG, 5-V In-circuit programmability 
on 


devices with more than 84 pins 


• 
Synchronous 
and asynchronous 
modes 


available for each macrocell 
- 
Clock generator in each PAL block for 
programmable clocks, edges in either mode 


- 
Individual clock, initialization product terms in 
asynchronous mode 


• 
Central, Input, and output switch matrices 
- 
100% Routability with 80% Utilization 


• 
Up to 20 product terms per function 


• 
96-256 configurable 
macrocells 


- 
DITIJ-KlS-R Registers, latches 


- 
Synchronous or asynchronous mode 


- 
Programmable polarity 
- 
Reset/preset swapping 


• 
XOR gate available 
• 
Registered/latched 
inputs on MACH 4 series 


• 
Extensive third-party 
software and programmer 


support through FusionPLD partners 


PRODUCT SELECTOR GUIDE 


Device 
Macrocells 
Speed 


MACH3 Family 


MACH355 
96 
15,20 


MACH4 Family 


MACH435 
84 
128 
5000 
70 
64 
192 
N 
15,20, 
0-25 


MACH445 
100 
128 
5000 
70 
64 
192 
Y 
15,20 


MACH465 
208 
256 
10,000 
146 
128 
384 
y 
15,20 


GENERAL 
DESCRIPTION 


The MACH (Macro Array CMOS High-speed/density) 
family provides a new way to implement large logic 
designs in a programmable logic device. AMD has 
combined an innovative architecture with advanced 
electrically-erasable CMOS technology to offer a device 
with many times the logic capability of the industry's 
most popular existing PALdevice solutions at compara- 
ble speed and cost. 


The second-generation MACHdevices provide approxi- 
mately three times the density and register count, and 
two times the amount of 110 of the original MACH 1 and 
2 families. By increasing the pin count, adding function- 


ality, and improving routing, the MACH 3 and 4 families 
build upon the strength of the MACH architecture 
without sacrificing predictable timing. 


Their unique architecture makes these devices ideal for 
replacing large amounts of TTL, PAL-device, glue, and 
gate-array logic. They are the first devices to provide 
such increased functionality with completely predict- 
able, deterministic speed. 


The MACH devices consist of PAL blocks intercon- 
nected by a programmable 
central 
switch 
matrix 


(Figure 1). Designs that consist of several intercon- 


~ 
AMD 


nected 
functional 
modules 
can 
be 
efficiently 
imple- 


mented 
by 
placing 
the 
modules 
into 
PAL 
blocks. 
Oesigns 
that 
are not as modular 
can also be readily 


implemented 
since the central 
switch matrix provides 
a 


very high level of connectivity 
between 
PAL 
blocks. 


The use of input and output switch matrices allows logic 
to be implemented 
independent 
of pin connections. 
This 


allows greater 
flexibility 
when making 
initial pin assign- 
ments for PCB layout, 
or when trying 
to maintain 
the 


pinout through 
design 
changes. 
The internal 
arrange- 


ment 
of resources 
is managed 
automatically 
by the 


design software, 
so that the designer 
does not have to 


be concerned 
with the logic implementation 
details. 


AMO's 
FusionPLD 
program 
allows 
MACH 
device 
de- 


signs to be implemented 
using a wide variety of popular 


industry-standard 
design tools. By working 
closely with 


the FusionPLD 
partners. 
AMD 
certifies 
that the tools 


provide timely. 
accurate. 
quality 
support. 
This ensures 


that a designer does not have to buy a complete 
new set 


oftools 
for each new device, but rather can use the tools 


with which 
he or she is already 
familiar. 
The 
MACH 


devices 
can programmed 
on conventional 
PAL device 


programmers. 
Devices with pin counts 
greater 
than 84 


have an additional 
5-V programming 
algorithm 
option 


that can be implemented 
with the devices soldered onto 


the board. 


MACH devices are manufactured 
using AMO's state-of- 


the-art 
advanced 
CMOS 
electrically-erasable 
process 


for 
high 
performance 
and 
logic 
density. 
CMOS 
EE 


technology 
provides 
100% 
testability, 
reducing 
both 


prototype 
development 
costs and production 
costs. 
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Design Methodology 
Design tools for all MACH devices are widely available 
both from AMD and from third-party software vendors. 
AMD provides MACHXL™ software as a low-cost 
baseline tool set and works with third-party vendors to 
ensure broad MACHdevice support. MACHXL software 
is based on the popular PALASM~ software package, 
with support dedicated to the higher-density MACH 3 
and 4 devices. PAL devices, MACH 1 devices, and 
MACH 2 devices are supported by PALASM 4 software; 
MACH 3 and 4 devices are supported by MACHXL 
software. This allows designers to do MACH device 
designs using the same methodology that they would 
use to do any PLD or FPGA designs, whether with 
MACHXL software or any of the other popular PAL 
device or FPGA design packages. 


Design entry can be the same as that used for PAL, 
MACH 1, and MACH 2 devices. The basic logic 
processing steps are the same steps that are neededto 
process and minimize logic for 
any PAL device. 


Simulation is available for verifying the correct behavior 
of the device. Functional (unit-delay) simulation of 
MACH devices is supported in all approved software 
packages, and other options for simulating the timing 
and board-level behavior of the MACH devices are 
available. The end result is a JEDEC file that can be 
downloaded to a programmer for device configuration. 


MACH device design methodology differs somewhat 
from that of a PAL device due to the automatic design 
fitting procedure that the software performs. Designs 
written by logic designers-whether 
by schematic 


capture, state machine equations, Boolean equations, 
or behavioral languages-are 
partitioned and placed 


into the PAL blocks of the MACH device. While this 
procedure is handled automatically by the software, the 
software can also accept manual direction based upon 
the user's working knowledge of the design. The overall 
device utilization provided by the fitter will vary from 
design to design, but in general significantly higher 


utilization can be expected from the MACH 3 and 4 
families than from the MACH 1 and 2 devices due to the 
additional routing resources. In addition, MACH 3 and 4 
device designs with higher utilization are more likely to 
retain the same pinout when design changes are made 
since the output switch matrix allows a pin to be driven 
by any of a number of macrocells. 


AMD recommends allowing the software to decide the 
best fit and pin placement automatically for the first 
design iteration. This will provide the best chance of 
fitting. With this 
approach, large designs can be 


implemented incrementally, starting with low device 
utilization and building up by adding logic until the 
device is full. This generally means that designs are 
done without any specific pinout assignments, with the 
final pinout decided by the software. It is possible to 
"pre-place" signals, and, given the plentiful routing 
resources, pre-placement is very likely to be successful 
on the MACH 3 and 4 families. However, the most 
successful design fit can still be achieved by allowing 
the software as much fitting flexibility as possible. 


The design is partitioned and placed into the MACH 
device by the software so as not to affect the perform- 
ance of the design. With designs that do not fit it is 
possible to make some performance tradeoffs to aid in 
fitting (for example, by optimizing the flip-flop type or 
passing through the device more than once), but those 
tradeoffs must be specifically requested, and any 
additional delays are entirely predictable. 


Once an initial design fits, there may be subsequent 
changes to the design. This is important if board layout 
has already started based on the original pinout. 
A major roleof the input and output switch matrices isto 
allow such changes without impacting the original 
pinout. Certain design changes may make it impossible 
to maintain the original pinout, but designs can easily 
target 80% utilization without seriously jeopardizing the 
ability to make design changes and maintain pinout. 
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DISTINCTIVE CHARACTERISTICS 


• 
84 Pins In PLCC 


• 
128 Macrocells 
.15nstPD 


• 
50 MHz fWAXexternal 


• 
70 Inputs with pull-up resistors 


• 
64 Outputs 
• 
192 Flip-flops 


- 
128 Macrocell 
flip-flops 


- 
64 Input flip-flops 


• 
Up to 20 product terms per function, 
with XOR 


• 
Flexible clocking 


- 
Four global clock pins with selectable 
edges 


- 
Asynchronous 
mode available 
for each 


macrocell 


• 
8 "PAL33V16" blocks 
• 
Input and output switch matrices for high 
routability 


• 
Fixed, predictable, deterministic 
delays 


• 
Pin compatible with MACH130, MACH230 


GENERAL 
DESCRIPTION 


The MACH435 
is a memberof 
AMD's high-performance 


EE CMOS 
MACH 
4 family. 
This device 
has approxi- 


mately 
twelve 
times 
the 
macrocell 
capability 
of the 


popular 
PAL22V10, 
with significant 
density 
and func- 
tional features 
that the PAL22V10 
does not provide. 


The MACH435 
consists 
of eight PAL blocks 
intercon- 
nected 
by a programmable 
central 
switch 
matrix. The 


central 
switch 
matrix connects 
the PAL blocks to each 


other and to all input pins, providing 
a high degree 
of 


connectivity 
between 
the fully-connected 
PAL blocks. 
This allows designs 
to be placed and routed efficiently. 
Routability 
is further enhanced 
by an input switch matrix 


and an output switch matrix. The input switch matrix pro- 
vides input signals with alternative 
paths into the central 


switch matrix; the output switch matrix provides flexibil- 
ity in assigning 
macrocells 
to 110 pins. 


The MACH435 
has macrocells 
that can be configured 


as synchronous 
or asynchronous. 
This allows designers 


to implement 
both synchronous 
and asynchronous 
logic 


together 
on the same device. 
The two types of design 


can be mixed in any proportion, 
since the selection 
on 


each macrocell 
affects only that macrocell. 


Up to 20 product terms per function 
can be assigned. 
It 
is possible to allocate some product terms away from a 
macrocell 
without 
losing the use of that 
macrocell 
for 


logic generation. 


The MACH435 
macrocell 
provides 
either registered 
or 


combinatorial 
outputs 
with programmable 
polarity. 
If a 


registered 
configuration 
is chosen, 
the register 
can be 


configured 
as D-type, T-type, J-K, or S-R to help reduce 


the number of product terms used. The flip-flop can also 
be configured 
as a latch. The register type decision 
can 


be made by the designer 
or by the software. 


All macrocells 
can be connected 
to an 110 cell through 


the 
output 
switch 
matrix. 
The 
output 
switch 
matrix 


makes 
it possible 
to make significant 
design 
changes 


while minimizing 
the risk of pinout changes. 
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Micro 
Devices 
MACH355-15/20 


High-Density 
EE CMOS Programmable 
Logic 


DISTINCTIVE CHARACTERISTICS 


• 
132 Pins In PQFP 


• 
96 Macrocells 


• 
15 ns tPD 


• 
50 MHz fMAl( external 


• 
102 Inputs 
with 
pUll-up 
resistors 


• 
96 Outputs 


• 
96 Flip-flops 


• 
Up to 20 product 
terms 
per function, 
with 
XOR 


• 
Flexible 
clocking 


- 
Four global clock pins with selectable 
edges 


- 
Asynchronous 
mode available 
for each 


macrocell 


• 
JTAG, 
SoV programmability 


• 
6 "PAL33V16" 
blocks 


• 
Input 
and output 
switch 
matrices 
for high 


routablllty 


• 
Fixed, 
predictable, 
deterministic 
delays 


GENERAL 
DESCRIPTION 


The MACH355 
is a memberof 
AMD's high-performance 


EE CMOS 
MACH 
3 family. 
This device 
has approxi- 
mately nine times the macrocell capability 
of the popular 


PAL22V10, 
with 
significant 
density 
and 
functional 


features 
that the PAL22V10 
does not provide. 


The 
MACH355 
consists 
of six PAL 
blocks 
intercon- 


nected 
by a programmable 
central 
switch 
matrix. The 


central 
switch 
matrix connects 
the PAL blocks to each 


other and to all input pins, providing 
a high degree 
of 


connectivity 
between 
the fully-connected 
PAL blocks. 
This allows designs 
to be placed and routed efficiently. 


Routability 
is further enhanced 
by an input switch matrix 
and an output 
switch 
matrix. 
The input switch 
matrix 


provides 
input 
signals 
with 
alternative 
paths 
into the 


central switch matrix; 
the output switch matrix provides 


flexibility 
in assigning 
macrocells 
to I/O pins. 


The MACH355 
has macrocells 
that can be configured 


as synchronous 
or asynchronous. 
This allows designers 


to implement 
both synchronous 
and asynchronous 
logic 


together 
on the same device. 
The two types of design 


can be mixed in any proportion, 
since the selection 
on 


each macrocell 
affects only that macrocell. 


Up to 20 product terms per function 
can be assigned. 
It 


is possible to allocate 
some product terms away from a 


macrocell 
without 
losing the use of that macrocell 
for 


logic generation. 


The MACH355 
macrocell 
provides 
either registered 
or 


combinatorial 
outputs 
with programmable 
polarity. 
If a 


registered 
configuration 
is chosen, 
the register 
can be 


configured 
as D-type, T-type, J-K, or S-R to help reduce 


the number of product terms used. The flip-flop can also 
be configured 
as a latch. The register type decision 
can 


be made by the designer 
or by the software. 


All macrocells 
can be connected 
to an 1/0 cell through 


the 
output 
switch 
matrix. 
The 
output 
switch 
matrix 


makes 
it possible 
to make significant 
design 
changes 


while minimizing 
the risk of pinout changes. 


This document 
contains 
information 
on a product 
under 
development 
at Advanced 
Micro 
Devices. 
Inc. The information 
is 


i~9nded 
to.help you evaluatetnis 
product. 
AMD reserves 
the right to change 
or discontinue 
work on this proposed 
product 


WIthout 
notice. 
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MACH445-15/20 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
100 pins 
In PQFP 


• 
MACH435 
with 
JTAG, 
5-V programmability 


• 
128 Macrocells 


• 
15 ns tPD 


• 
50 MHz fMAx external 


• 
70 Inputs 
with 
pull-up 
resistors 


• 
64 Outputs 


• 
192 Flip-flops 


- 
128 Macrocell 
flip-flops 


- 
64 Input flip-flops 


• 
Up to 20 product 
terms 
per function, 
with 
XOR 


• 
Flexible 
clocking 


- 
Four global clock pins with selectable 
edges 


- 
Asynchronous 
mode available 
for each 


macrocell 


• 
8 "PAL33V16" 
blocks 


• 
Input 
and output 
switch 
matrices 
for high 


routabillty 


• 
Fixed, 
predictable, 
deterministic 
delays 


• 
JEDEC·fIIe 
compatible 
with 
MACH435 


GENERAL 
DESCRIPTION 


The MACH445 
is a memberof 
AMO's high-performance 


EE CMOS 
MACH 
4 family. 
This device 
has approxi- 
mately 
twelve 
times 
the 
macrocell 
capability 
of the 


popular 
PAL22Vl0, 
with significant 
density 
and func- 


tional features 
that the PAL22V1 0 does not provide. It is 


architecturally 
identical 
to 
the 
MACH435, 
with 
the 


addition 
of JTAG and 5-V programmability 
capabilities. 


The MACH445 
consists 
of eight 
PAL blocks 
intercon- 


nected 
by a programmable 
central 
switch 
matrix. The 


central 
switch 
matrix connects 
the PAL blocks to each 


other and to all input pins, providing 
a high degree 
of 


connectivity 
between 
the fully-connected 
PAL blocks. 


This allows designs 
to be placed and routed efficiently. 


Routability 
is further enhanced 
by an input switch matrix 
and an output 
switch 
matrix. 
The 
input switch 
matrix 


provides 
input 
signals 
with 
alternative 
paths 
into the 


central switch matrix; the output switch matrix provides 
flexibility 
in assigning 
macrocells 
to I/O pins. 


The MACH445 
has macrocells 
that can be configured 


as synchronous 
or asynchronous. 
This allows designers 


to implement 
both synchronous 
and asynchronous 
logic 


together 
on the same device. 
The two types of design 


can be mixed in any proportion, 
since the selection 
on 


each macrocell 
affects only that macrocell. 


Up to 20 product terms per function 
can be assigned. 
It 


is possible to allocate some product terms away from a 
macrocell 
without 
losing 
the use of that macrocell 
for 


logic generation. 


The MACH445 
macrocell 
provides 
either registered 
or 


combinatorial 
outputs 
with programmable 
polarity. 
If a 


registered 
configuration 
is chosen, 
the register 
can be 


configured 
as O-type, T-type, J-K, or S-R to help reduce 


the number of product terms used. The flip-flop can also 
be configured 
as a latch. The register type decision 
can 


be made by the designer 
or by the software. 


All macrocells 
can be connected 
to an I/O cell through 


the 
output 
switch 
matrix. 
The 
output 
switch 
matrix 


makes 
it possible 
to make significant 
design 
changes 


while minimizing 
the risk of pinout changes. 


This doculTI9nl contains 
information 
on a product 
underdevelopment 
at Advanced 
Micro Devices, 
Inc. The informa.lion 
is intended 
to help you evalual:e this product. 
AMD reserves 
Ihe right 10 change 
or discontinue 
work 
on this proposed 


product 
wit haUl nalice. 
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DISTINCTIVE CHARACTERISTICS 


• 
208 pins 
In PQFP 


• 
256 macrocells 


• 
15 nstpD 


• 
50 MHz fWAXexternal 


• 
146 Inputs 
with 
pull-up 
resistors 


• 
128 Outputs 


• 
384 Flip-flops 


- 
256 Macrocell 
flip-flops 


- 
128 Input flip-flops 


• 
Up to 20 product 
terms 
per function, 
with XOR 


• 
Flexible 
clocking 


- 
Four global clock pins with selectable 
edges 


- 
Asynchronous 
mode available 
for each 


macrocell 


• 
16 "PAL34V16" 
blocks 


• 
JTAG, 
5-V programmability 


• 
Input 
and output 
switch 
matrices 
for high 


routablllty 


• 
Fixed, 
predictable, 
deterministic 
delays 


GENERAL 
DESCRIPTION 


The MACH465 
is a memberof 
AMD's high-performance 


EE CMOS 
MACH 
4 family. 
This device 
has approxi- 
mately 25 times the macrocell 
capability 
of the popular 


PAL22V10, 
with 
significant 
density 
and 
functional 


features 
that the PAL22V10 
does not provide. 


The 
MACH465 
consists 
of 16 PAL blocks 
intercon- 
nected 
by a programmable 
central 
switch 
matrix. The 


central 
switch 
matrix connects 
the PAL blocks to each 


other and to all input pins, providing 
a high degree 
of 


connectivity 
between 
the fully-connected 
PAL blocks. 
This allows designs 
to be placed and routed efficiently. 


Routability 
is further enhanced 
by an input switch matrix 


and an output switch matrix. The input switch matrix pro- 
vides input signals with alternative 
paths into the central 


switch matrix; 
the output switch matrix provides flexibil- 
ity in assigning 
macrocells 
to I/O pins. 


The MACH465 
has macrocells 
that can be configured 


as synchronous 
or asynchronous. 
This allows designers 


to implement 
both synchronous 
and asynchronous 
logic 


together 
on the same device. 
The two types of design 


can be mixed in any proportion, 
since the selection 
on 


each macrocell 
affects only that macrocell. 


Up to 20 product terms per function 
can be assigned. 
It 


is possible to allocate some product terms away from a 
macrocell 
without 
losing the use of that macrocell 
for 


logic generation. 


The MACH465 
macrocell 
provides 
either registered 
or 


combinatorial 
outputs 
with programmable 
polarity. 
If a 


registered 
configuration 
is chosen, 
the register 
can be 


configured 
as D-type, T-type, J-K, or S-R to help reduce 


the number of product terms used. The flip-flop can also 
be configured 
as a latch. The register type decision 
can 


be made by the designer 
or by the software. 


All macrocells 
can be connected 
to an I/O cell through 


the 
output 
switch 
matrix. 
The 
output 
switch 
matrix 


makes 
it possible 
to make significant 
design 
changes 


while minimizing 
the risk of pinout changes. 


This document 
contains 
information 
on a product 
under d8Yek)pmeni 
at Advanced 
Micro Devicet. 
Inc. The information 
is intended 
to help you evaluate 
tnis 
product. 
AMD 
r&Serves 
the right to change 
Of discontinue 
work 
on Ihti propoaed 
prodUd 
without 
nolice. 
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TECHNOLOGY 
DESCRIPTION 


The EE CMOS technology 
used by AMD in programma- 
ble logic is a single-poly, 
double-metal 
n-well process. 
It 


has been optimized 
for high-speed 
programmable 
logic 


devices, which do not have the same density constraints 
that 
memories 
have. 
The basic characteristics 
of the 


EE4 process 
are: 


• 
CMOS, 
n-well 


• 
Grounded 
substrate 


• 
Single-poly, 
dual metal 


• 
1.2 11mminimum 
feature 


• 
0.8 11mgate length (Leff) 


• 
180A gate oxide thickness 


• 
90A tunnel oxide thickness 


• 
1.4 11mcontact 
dimension 
on wafer 


• 
3.2 11mmetal 1 pitch 


• 
3.8 11mmetal 2 pitch 


The EE5 process 
is similar, 
except that Leff is 0.65 11m. 


CMOS 
PLDs use standard 
CMOS 
logic internally, 
with 


the addition 
of a programmable 
array. The output buff- 


ers of most devices 
are designed 
to be compatible 
with 


TIL 
circuits, 
and therefore 
have 
n-channel 
enhance- 


ment pull-up transistors. 
Exceptions 
to this are the zero- 


power 
devices 
and the 
PALCE610H-15, 
which 
have 


rail-to-rail 
switching 
outputs 
provided 
by a p-channel 


pull-up in the output buffer. 


AM D's CMOS process for programmable 
logic is simpli- 


fied 
by 
the 
absence 
of 
standard 
depletion-mode 


transistors 
in the more advanced 
processes. 
Depletion 


mode transistors 
are a vestige of NMOS design, and are 


not really needed. 
This 
results 
in the elimination 
of a 


mask and implant 
step, reducing 
the process 
cost and 
simplifying 
the structure. 


Transistor Cross-Section 


Figure 1 shows a cross-section 
of a basic inverter. This 


is a very straightforward 
structure. 
The gates consist of 


poly-silicon; 
the other connections 
are made with metal. 


Substrate Voltage 


There are two basic substrate 
configurations 
for CMOS 


PLDs: 
grounded 
substrate 
and floating 
(or negative) 


substrate, 
as shown 
in Figure 
2. In the first case, the 
substrate 
is connected 
to ground; no voltage on the chip 


is more negative than ground. 
The substrate 
is directly 


hard-wired 
to the ground 
pin. In the second 
case, the 


substrate 
is capacitively 
coupled 
to ground. 
A charge 


pump 
pumps 
the 
substrate 
to 
a 
negative 
voltage, 


typically -3 V. 
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Figure 
2. Substrate 
Configurations: 
a. Grounded; 
b. Floating 


AMO's CMOS process uses a grounded 
substrate. 
This 


means that no large charge 
pump is used to pump the 
substrate 
negative. 
This technology 
has several bene- 
fits. 
~roviding 
effective 
clamp 
diodes 
is easier 
if the 
substrate 
is 
grounded; 
this 
helps 
protect 
against 


negative 
overshoot. 
A 
grounded 
substrate 
permits 


quieter 
operation 
on boards where 
the oscillation 
of a 


charge pump can radiate and disturb 
sensitive 
circuits. 
Also, this approach 
permits 
the design 
of zero-power 


parts that would 
not be possible 
if a charge pump were 


constantly 
running. 


A negative 
substrate 
is sometimes 
used to get speed, 
and also makes 
it more difficult 
to induce 
latch-up 
by 


making 
the substrate 
more 
negative 
than 
any board 


voltage. 
However, 
latch-up 
is generally 
an issue only 


during power-up 
on standard boards with standard 
logic 


drivers. 
While the device 
is powering 
up, the device 
is 
most vulnerable 
to latch-up 
because 
of the many tran- 
sients occurring. 
However, 
it takes time to pump down 


the substrate, 
so the substrate 
cannot immediately 
pro- 


tect 
against 
latch-up. 
This 
means 
that 
the 
negative 


substrate 
approach 
provides 
no latch-up 
protection 
at 


the time when latch-up 
is most likely. 


The only signal excursions 
into negative territory during 


normal operation 
will be from overshoot, 
and overshoot 
cannot induce latch-up because there is not enough en- 
ergy. Negative 
overshoot 
is discussed 
in more detail 


below. 


Thus the 
negative 
substrate 
has no practical 
advan- 


tages 
over 
a 
grounded 
substrate, 
and 
lacks 
the 


advantages 
of a grounded 
substrate. 
For this reason, 


none of AMO's CMOS 
PLOs use a negative 
substrate. 


Erasable Technology 


Any 
erasable 
CMOS 
technology 
is based 
upon 
the 


concept 
of stored 
charge. 
The charge 
is stored 
on a 


transistor 
with a floating gate-that 
is, a gate that has no 


connection. 
The transistor 
actually 
has two gates: 
one 


that floats, and one that acts as a control gate. The con- 
trol gate is used to establish 
the field across the floating 


gate (see Figure 3). 
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Control Gate // 


Floating Gate / 


In the programmed 
state, there is a net deficit of elec- 
trons in the floating 
gate. The resulting 
positive 
charge 
turns the transistor 
ON. In the erased 
state, there are 


enough 
electrons 
on 
the 
control 
gate 
so 
that 
the 


negative 
charge turns the transistor 
OFF. 


There are two basic ways of transferring 
the charge onto 


the floating gate: a) hot electron injection, 
and b) tunnel- 


ing. Electrically 
erasable devices rely on tunneling; 
how- 


ever, it is useful to compare 
these two methods. 


UV-Erasable 
Technology 


Hot electron 
injection 
is used for UV-erasable 
devices, 


such as EPROMs. 
With this scheme, 
a bias is set up 


between 
the source 
and drain 
of the transistor, 
and 


between 
the 
control 
gate 
and 
the 
substrate 
(see 


Figure 4). The channel 
is pinched 
off, and a strong cur- 


rent flows. Because 
of the high fields, the electrons 
are 


hot. The two fields 
(source-to-drain, 
and substrate-to- 


control-gate) 
combine to form a field in a diagonal 
direc- 


tion, but because 
of the oxide barrier, 
electrons 
cannot 
cross in that direction. 
Occasionally, 
electrons 
acquire 


enough energy to cross the barrier in the shortest direc- 
tion: 
from 
the 
channel 
to the 
floating 
gate. 
This 
is 


referred to as hot electron 
injection. 


Oxide 
Barrier 
I 


Figure 5 shows the energy 
band diagram 
for the gatel 
channel 
interface. 
Because the fields give the electrons 


more 
energy, 
more 
electrons 
can 
cross 
the 
oxide 


barrier. The height of the barrier determines 
how easily 


charge can be transferred 
across. 


Once an electron is on the other side of the oxide, it is on 
the floating gate, with no path. 
It is therefore 
effectively 


trapped, 
and remains there. During programming, 
large 


fields are set up so that a significant 
number of electrons 


are injected. 


Erasing these devices 
requires 
exposure 
to ultraviolet 
light. The energy 
from the ultraviolet 
light causes 
the 


electrons 
to cross back over the oxide barrier, 
erasing 


the device. 
Forthis 
to happen, the device package must 


have a window that lets the ultraviolet 
light pass through. 


UV-erasable 
technology 
has a few distinct drawbacks. 


The fact that the parts require 
a window 
to be erased 


makes 
the 
devices 
much 
more 
expensive. 
Although 


they 
are 
usually 
available 
in 
plastic 
one-time- 


programmable 
(OTP) packages, 
they are then not eras- 
able, and have no advantage 
over fuse technology. 
In 


addition, 
windowed 
devices 
take about 90 minutes 
to 


erase. This limits the number 
of times that the device 


can 
practically 
be reprogrammed 
and tested 
during 


manufacturing, 
limiting the amount 
of extra quality that 


can be provided 
by the erasability 
feature. 


Electrically 
Erasable 
Technology 


Electrically-erasable 
devices 
use 
Fowler-Nordheim 


tunneling 
as the mechanism 
for getting charge onto the 


floating 
gate. This is defined 
roughly 
as tunneling 
that 


occurs as a result of a field placed across the barrierthat 
the electrons 
tunnel through. 


Some amount of direct tunneling, 
or tunneling 
that oc- 


curs without an applied field, is always possible 
through 


any energy barrier. 
It may be extremely 
small or signifi- 


cant; the determining 
factor 
is the width of the barrier. 


Since tunneling 
electrons 
are going through 
the barrier 


instead of over it, the height of the barrier does not affect 
the amount of tunneling. 


For an electrically-erasable 
cell, 
the 
tunnel 
oxide 
is 


about 
one third 
the thickness 
of the oxide 
of a UV- 


erasable 
part; therefore 
tunneling 
occurs 
at relatively 


low fields. Even so, the field used to cause tunneling 
is 


about five times the field used to cause hot-electron 
in- 


jection for UV parts. Note that tunneling 
is theoretically 


possible 
on a UV part, but a very high field is required. 


and the normal electron 
injection would swamp out any 


tunneling 
that would occur. 
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Figure 50 Energy Band Diagrams: 
a. Neutral Floating Gate; bo Hot-Electron 
Injection 


FowlElr-Nordheim 
tunneling 
involves 
placing a potential 


across the barrier, 
which distorts 
the band diagram 
as 
shown 
in Figure 
6. The "angle" 
caused 
by the applied 


potential effectively 
thins part of the already-thin 
barrier, 


making tunneling 
easier. 
It is this tunneling 
under bias 


that is used to program 
electrically-erasable 
devices. 


Note that by reversing 
the bias, the tunneling 
can occur 


just as well in the opposite 
direction. 
This is what makes 


electrical 
erasure 
possible. 


Electrical erasure has advantages 
over UV erasure both 


in cost and quality. Because the erasure 
is electrical, 
no 


expensive 
window 
is required 
in the 
package. 
This 


makes 
erasability 
cost-effective 
even 
in high-volume 


production 
quantities. 
In addition, 
the fast erasure 
al- 


10wsAMDto 
reprogram 
the device many times, allowing 


many more paths to be tested than can be tested in a UV 
part. This provides 
much 
higher 
quality, 
especially 
in 


higher-density 
devices. 
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Figure 6. 
Energy 
Band Diagrams: 
a. Direct Tunneling; 
b. Fowler-Nordheim 
Charging; 
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Cell Configuration 
and Programming 


The programming 
cell is shown in Figure 7. To improve 


device 
speed, 
the programming 
cell has been divided 


into the programming 
portion and the data path portion. 


In addition to speed, there are a number of other bene- 
fits 
to this 
approach. 
At the 
most 
basic 
level, 
this 


eliminates 
a poly-silicon 
layer, simplifying 
the process. 


This reduces costs and improves 
reliability. 
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Figure 
7. 
EE PLD Programming 
Cell: 
a. Circuit; 
b. Cross-Section 


The programming 
half requires long-channel 
transistors 


cap~ble of sustaining 
high electrical fields; the data path 


reqyires 
short-channel 
transistors 
that 
are fast. 
Note 


that this does take more space, but in PLDs, the size of 
the cell is not a limiting factor as it is in memories. 
In a 
PLD, the programming 
array can take up as little as 10% 
of the die area, while a memory typically uses more than 
90% of the die area for the programming 
array. 


Programming 
and erasure 
are complementary 
proce- 
dures 
in EE technology. 
However, 
the sense 
of pro- 
gramming 
and 
the 
sense 
of 
erasing 
are 
perhaps 


opposite to what one might assume. 
A cell is considered 


to be programmed 
if there is a charge deficit on the f1oat- 


ing gate, providing 
a positive voltage; 
it is erased ifthere 


is excess 
charge 
on the floating 
gate, 
generating 
a 


negative 
voltage. 
This 
means 
that 
programming 
a 


device 
only 
requires 
turning 
ON those 
cells 
that 
are 


needed, rather than turning off all of the cells that are not 
needed. 


A cell fresh from wafer fabrication 
has no net positive or 


negative charge on the gate. To balance the threshold 
of 


the transistor 
for reliable 
turn-on 
and turn-off, 
a cell 


implant is used to center the threshold 
voltage 
near 0 V. 


Programming 
and erasing involve either removing 
elec- 


trons from the conduction 
bands of the poly-silicon 
gate 


or adding excess electrons, 
providing 
a net charge that 


will move the gate voltage solidly on one side or the 
other of the threshold voltage. 


When programming or erasing the device. a voltage is 
applied between the program and control gate nodes. 
The direction of the voltage determines whether the cell 
is erased or programmed. 


When erasing, the control gate is given a positive volt- 
age. and the program node is grounded. This attracts 
electrons from the program transistor across the tunnel 
oxide to the floating gate, turning the read transistor 
OFF (see Figure Ba). 


b. 


Figure 8. cell Biasing: 
a. Charging; 


b. Discharging 


AMD~ 


When programming the cell, the program node voltage 
is elevated, and the control gate is grounded, reversing 
the electron flow, as indicated in Figure Bb. Enough 
electrons flow off the floating gate to leave a net positive 
charge; this turns the transistor ON. 


AMD has modilied the programming cell to increase 
programming efficiency and has a patent on the result- 
ing circuit. On traditional devices, the source node is 
grounded during programming. On AMD's devices, the 
source node is raised to the same potential as the con- 
trol gate, as shown in Figure 9. This increases the 
coupling 
ratio of the cell. The coupling ratio is the per- 


centage of the applied field that appears across the 
tunnel oxide. When the source is grounded, the field 
across the tunnel oxide is reduced (since there is an- 
other capacitor in parallel with the tunnel oxide). By rais- 
ing the source voltage, more of the field is available for 
programming. The coupling ratio can therefore be 
thought of as a measure of the programming efficiency; 
since the efficiency is higher, lower voltages are 
required for programming. 


Figure 9. Source Is at Same Potential as Control 


Gate to Improve Coupling Ratio 


The split-cell configuration also allows a simpler pro- 
gramming algorithm, since the programmer can take 
advantage of the self-limiting nature of programming 
and erasure. The split cell places the read cell gate and 
the floating cell gate in "parallel"with each other. There- 
fore the floating cell can be either completely charged 
(with a net excess of electrons) or completely dis- 
charged (with a net deficit of electrons, or an excess of 
holes), as shown in the energy diagrams in Figure 10. 
This is simple to do, since the electrons that have 
crossed the barrier set up a field that opposes further 
tunneling. As more electrons cross the barrier the 
opposing field grows strong enough to block more 


I 
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electrons 
from tunneling 
(Figure 
11). Regardless 
of the 


stat~ of the floating 
cell, the select line will turn on or off 


the read transistor; 
the cell will only be read, however, 
if 


both the read transistor 
and the the floating 
transistor 


are ON. 
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Figure 
10. 
Stable 
EE Cell: 
a. Charged 
(Erased); 
b. Discharged 
(Programmed) 
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In standard 
one-transistor 
cells, the two gates are actu- 


ally in "series". 
If the floating 
gate is charged, 
then the 


transistor 
is OFF, 
regardless 
of the state of the select 


line. 
In order to read the cell, the floating gate has to be 


neutralized 
so that the select line controls the transistor 
(Figure 
12). 
If the floating 
gate were completely 
dis- 


charged, 
then the transistor 
would be ON regardless 
of 


the state of the select line. The programming 
algorithm 


is therefore 
more 
complicated, 
since 
the 
amount 
of 


charge 
removed 
must be monitored 
to ensure that just 


enough 
charge 
is 
removed 
to 
neutralize 
the 
f1oat- 


inggate. 
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Figure 
12. 
UV cell: a. Charged 
(Programmed) 
State; 
b. Neutral 
(Erased) 
State 


Array Configuration 


The discussion 
above focused on individual cells. These 


cell~ must be hooked together 
to form a complete 
array 


that is driven by input lines and drives product 
terms. 


There are two configurations 
used in AMO's EE CMOS 


devices (see Figure 13). The configuration 
in Figure 13b 


provides 
some benefit 
because 
the parasitic 
capacitor 


does not couple the input line and the product term, but 
both approaches 
are actively 
used in designs. 
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Figure 
13. 
Two Array 
COnfigurations: 
a. Bit Line at the Drain; 
b. Bit Line at the SOurce 


PROGRAM INTEGRITY 


Reliable programming 
of PLDs requires the use of well- 


calibrated, 
quality 
programming 
equipment. 
To ensure 


that the device is correctly 
programmed, 
the correct volt- 


ages and times must be applied. 


As discussed 
above, 
it is impossible 
to over-charge 
or 


over-discharge 
the programming 
cell since the mecha- 


nism 
is self-limiting. 
This 
provides 
more 
leeway 
and 


makes 
the 
programming 
algorithms 
less sensitive 
to 


programmer 
variations. 
This ultimately 
provides 
higher, 


more 
consistent 
programming 
yields 
under 
real-life 


production 
programming 
conditions. 


However, 
if the cell 
is under-programmed 
or under- 


erased, an insufficient 
amount of charge 
might transfer 


onto or off of the floating gate. When programming, 
this 


might not turn the read cell ON sufficiently, 
potentially 


slowing 
down the device. 
In the case of erasure, 
the 


read cell might 
be partially 
ON if it is not completely 


erased. 
This may cause 
"disconnected" 
inputs to ap- 


pear partially 
connected. 
Thus it is important 
to ensure 


that the programming 
pulsewidths 
are long enough 
to 


provide 
adequate 
programming. 


If the 
programming 
voltages 
are 
slightly 
inaccurate, 
CMOS devices often can still be programmed 
correctly. 
However, 
excessive 
voltage 
might cause device dam- 


age if breakdown 
voltages 
are exceeded. 
Extremely 
low 


voltages 
might fail to engage the programming 
circuitry 


completely. 


Because of the need for accurate 
programming, 
and for 


ensuring 
that the programming 
algorithms 
are up-to- 


AMD~ 


date, we certify programmers 
that meet strict criteria for 


all products 
through 
our FusionPLDsM 
program. 
AMD 


guarantees 
the performance 
of any device 
when 
pro- 


grammed 
on an approved 
programmer. 
For a list of 


FusionPLD 
partners, 
please 
refer 
to the 
FusionPLD 


Catalog. 


Data Retention 


In an electrically 
erasable device, the floating cell is pro- 


grammed 
by forcing 
electrons 
to tunnel 
through 
the 


tunnel oxide into the floating gate. Ideally, these trapped 
electrons 
mean that the device remains programmed 
in- 


definitely. 
Actually, 
the charge 
cannot 
remain 
indefi- 


nitely, 
but its lifetime 
is normally 
extremely 
long. The 


stability of the program 
charge 
is called 
data retention; 


that is, the ability of the device 
to retain its charge 
as 


programmed. 


There are two basic leakage mechanisms: 
direct tunnel- 


ing and thermal 
leakage. 
These mechanisms 
occur in- 


dependent 
of whether 
the 
cell was 
programmed 
by 


electron 
injection 
or tunneling. 
The 
amount 
of direct 


tunneling 
is a function 
of the potential 
across the tunnel 


oxide, 
and is generally 
very low. Leakage 
is normally 


dominated 
by thermal 
charge 
decay. 


On one side of the energy 
barrier, 
there are electrons 


with a distribution 
of energies 
(see Figure 
14). Some 


have enough 
energy to escape over the top of the bar- 


rier. 
As 
the 
temperature 
is raised, 
more 
electrons 


achieve the energy required 
to overcome 
the barrier. 
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Theltendency 
of the gate to leak can be modelled 
as an 


ArrHenius function, 
which means the formula for the pro- 


gramming 
"decay time" td has the form: 


Ea is the intrinsic 
activation 
energy 


T is the temperature 
in Kelvin 


k is Boltzmann's 
constant 


K is a scaling constant. 


If we can measure 
the rate at two known temperatures, 
then: 


tdl 
KeEa/kTl 


td2 
KeEa/kT2 


Note that the constant 
K drops out, so we need not be 


concerned 
with it's specific value. 
From this we find that 


E 
a = 
T21ntdl 
- 
Tllntd2 


kTl T2 


This lets us measure 
Ea,which should be constant for a 


giver 
process. The higher the value of Ea,the longer the 


decay time will be. 
This is because 
Ea roughly 
repre- 


sents an energy "barrier" that must be overcome 
for an 


eleclron 
to leak away. 
The higher the barrier, the fewer 


electrons 
have the energy to overcome 
Ea. 


Charge leakage can be aggravated 
by poor quality tun- 


nel oxide. 
Defects 
in the oxide provide 
a lower energy 


pat~ for discharging, 
effectively 
lowering 
Ea. Baking 
a 


devi~e accelerates 
this leakage, 
and identifies 
devices 


with weak oxide. AMD uses a bake for all EE products to 
ensure that the production 
devices 
have a high Ea and 


therefore 
good data retention. 
The average 
Eafor all de- 
vices, including 
those with weak oxide, is about 0.8 eV. 
Afte~ eliminating 
the weak 
devices 
by a 250°C 
24-hr 


bake, the average 
Ea is about 1.8 eV. 


Data 
retention 
time 
depends 
on the 
temperature 
to 


which the devices are exposed. The higher the tempera- 
ture, the shorter the decay lime because 
the electrons 


haVj 
more energy, 
and more can leak off the gate. 


There are two temperatures 
that may be of concern for 


different reasons: 
the 
maximum 
device 
storage 
tem- 


perature 
(150°C) 
and 
the 
maximum 
operating 


temperature 
(125°C 
for military). 
In the first case, the 


idea is to know that if a programmed 
part sits on a shelf 


for some period of time before being used, that the pro- 
gram will remain intact for that time. The second case is 
interlded to give an idea of how long a device will remain 
operational 
in-system. 


Using the equation 
above to solve for the decay time at 


these temperatures, 
the result is several decades forthe 


storage temperature, 
and even longer for the operating 


temperature. 
For room temperature, 
the exponential 
na- 


ture of the function 
makes the decay time increase 
to 


centuries. 


AMD specifies 
10 years at the maximum 
storage 
tem- 


perature 
(an 
industry 
standard 
for 
EPROMs 
and 


EEPROMs), 
and 20 years in-system 
under worst-case 


military conditions. 
That the calculated 
numbers 
are so 


much higher 
builds 
confidence 
in the numbers 
speci- 


fied. 
In general, 
the typical 
end-of-life 
failure 
mecha- 


nisms that affect all devices 
(and which are unrelated 
to 


the 
EE cells) 
will 
cause 
device 
wear-out 
before 
the 


program 
data is lost. 


The integrity 
of the charge 
in the electrically 
erasable 


cell also stands 
up to any electrical 
fields that exist in 


surrounding 
equipment. 
For charge 
to be transferred 


off, or onto, the floating 
gate, 
a field 
must be placed 


across the oxide. Such a field cannot be generated 
out- 


side the programming 
mode; an external field, no matter 


how strong, cannot set up the programming 
mode. 


The charge 
might 
also be pulled 
through 
some other 


oxide if the field were large enough. 
However, 
to remove 


the 
charge 
through 
anything 
but 
the 
tunnel 
oxide 


requires an external field so high that the rest of the de- 
vice would break down before any cell charge were ever 
lost. This would occur on any device, 
programmable 
or 


not. 
Therefore 
any 
external 
field 
strong 
enough 
to 


remove charge from a floating cell will destroy the rest of 
the device first. 


Cell Endurance 


Another factor that affects data retention 
in the long term 


is the cell endurance. 
The endurance 
is the number 
of 


times the device can been erased 
and reprogrammed. 


Over time, the oxide can wear out, resulting 
in a gradual 


reduction in Ea. This occurs as defects are created in the 
oxide. 
These 
defects 
trap 
electrons; 
these 
electrons 


then oppose 
the field that is required 
for programming. 


Given enough trapped 
charges, 
the established 
poten- 


tials will be insufficient 
for programming. 
This typically 


happens after hundreds of thousands 
of reprogramming 


cycles. 


The ability to charge 
up a cell with good data retention 


can be measured 
by the margin voltage. This is the volt- 


age that must be applied to the control 
gate to counter- 


act the charge on the floating 
gate. If the gate is highly 


charged, 
a larger margin voltage is needed to overcome 


the charge. 
Thus, 
put simplistically, 
a higher 
margin 


voltage 
indicates 
better cell charging. 


Figure 15 illustrates 
measurements 
of the margin volt- 


age 
as 
the 
number 
of 
program/erase 
cycles 
is 


increased. 
By 100,000 cycles, the margin voltage still is 


greater than 4 V; for the cell to fail, the margin voltage 
must fall to below about 1 V. 
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For 
EEPROMs, 
which 
often 
are 
reprogrammed 


in-system, 
it is important 
to know how many thousands 


of times 
the device 
can be reprogrammed. 
However, 
most EE PLDs are not intended 
to be programmed 
in- 


system, 
and probably 
are programmed 
very few times. 
Most production 
u nits are programmed 
only once by the 


user. Prototypes 
might be programmed 
tens of times at 


most. 
Therefore 
we 
specify 
a maximum 
number 
of 


100 erase/reprogram 
cycles. 


This does 
not imply that the devices 
are weaker 
than 


EEPROMs; 
it is just that more extensive 
testing would 


have to be done to justify 
specifying 
a larger number. 


Since this larger number is not needed, a cost savings is 
realized because 
of the test simplification. 
Note that the 


.devices 
are actually 
programmed 
hundreds 
of times in 


testing before they are shipped 
out, giving outstanding 


programming 
and functional 
yields; 
however, 
the num- 


ber of erase/reprogram 
cycles 
specified 
refers only to 


programming 
done by the user. 


DEVICE CHARACTERISTICS 


Power Dissipation 


CMOS technology 
is associated 
with low power, and in- 


deed, 
all CMOS 
PLDs provide 
lower power than their 
bipolar counterparts. 
However, 
most PLDs do not pro- 


vide the zero-standby 
power that standard 
CMOS logic 


parts provide. 


The basic CMOS 
inverter 
lowers operating 
power 
be- 


cause at any given time, only one of the two transistors 
can be fully ON. The other is OFF and blocks the flow of 
DC current. 
Thus, when the device 
is in a stable state, 


no current can flow. While the device is switching, 
both 


transistors 
are 
partially 
ON, 
allowing 
for 
a transient 


current spike. This means that power is consumed 
only 


when the device switches. 
Because 
a spike occurs for 


each transition, 
the average 
power 
consumption 
is af- 


fected by the frequency 
of operation 
(see Figure 
16). 


This type of circuitry 
is found throughout 
most of a PLD 


circuit. 
However, one portion of the PLD circuit does not 


use a standard 
CMOS 
inverter: 
the programmable 
ar- 
ray. 
One 
of the 
necessary 
elements 
of zero-power 


operation 
is that the output of the inverter have a voltage 


swing from ground 
to Vcc, so-called 
rail-fo-railopera- 


tion. 
In the 
array, 
such 
a wide 
swing 
makes 
the 


propagation 
delays 
too long. To speed 
up the device, 


the sense amps that determine 
the state of a product 


term are designed 
to have a much more limited swing . 


This 
means 
the sense 
amps 
are constantly 
drawing 


power, even when not switching. 
These are the half- and 


quarter-power 
CMOS PLDs; their power consumption 
is 


still less than that of a bipolar 
PLD. Since most CMOS 


PLDs are used in TTL sockets, 
the CMOS 
PLDs work 


well. 


For designs 
that require the absolute 
lowest-power 
op- 


eration, 
the half- and quarter-power 
CMOS 
PLDs are 


inadequate. 
Zero-power 
PLDs have been designed 
to 


address this range of applications. 
These devices oper- 
ate by turning 
off the sense 
amps 
in the array 
if no 


signals switch for a period of time. If the transition 
detec- 


tors at the inputs indicate that some signal is changing, 
then the array is activated to process the incoming 
data. 


In this manner, the average 
operating 
power consump- 
tion can be reduced, 
especially 
at low frequencies, 
and 


the standby power consumption 
is negligible 
(less than 


15 J.LA). The only penalty 
is a small wake-up 
delay of a 


few nanoseconds. 
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Figure 
16. 
CMOS 
Inverter 
Power 
Dissipation: 


a. VOUT = Static 
LOW; 
b. VOUT = Static 
HIGH; 


c. 
Dynamic 
Power 
Dissipation 


Ice VS VI and Loading 


The greatest 
external 
contributors 
to Ice are the input 


HIGH level (VIH) and the output load. 


As the VIH drops from its ideal level of Vcc, the inverter 
start~ to draw current. 
The worst case scenario 
would 


be a VIH at the minimum 
of 2.0 V, which could contribute 


some 5 rnA per input buffer to the power consumption. 


The output 
load can have a dramatic 
effect on power 


dissipation, 
especially 
on devices 
that have many 1/0 


pins. 
For an output driving a purely capacitive 
load, the 


power dissipation 
contributed 
by the load for one output 


is determined 
by the load capacitance, 
the frequency 
at 


which 
the output 
is switching, 
and the output 
voltage 


swing (Vs). The output stage will go through 
a process 


of repeatedly 
charging 
and discharging 
the capacitor. 


Although 
the 
direction 
of charge 
flow 
reverses 
itself 


every other transition, 
the relative voltage change 
does 


too, so that the power 
contribution 
is the same for a 


charge and a discharge. 


If we consider the case of charging 
the capacitor, 
we will 


be placing 
a charge Ql on the capacitor 
that is deter- 


mined by 


QL = CLVO 


where Cl is the load capacitance 
and Vo is the output 


voltage. 
The current contribution 
from this is 


dQL 


dt 
dVo 
=CL- 
dt 
In one half the output transition 
period tp, the change 
in 


output voltage will be equal to the output swing Vs. This 
means that 


i 
=CL~ tp 


2 


=2CL~ 


tp 


=2CL Vsfo 


where 
fo 
is the 
frequency 
at 
which 
the 
output 
is 


switching. 


The power dissipation 
is the product 
of the current 
and 


the voltage. 
Since the voltage 
is changing 
during 
the 


time that the power is being dissipated, 
we can approxi- 


mate by dividing 
the voltage 
swing by 2. This gives 


P =iv 
VS 
=2CL vsfoT 


=2CL V2sfo 


This means 
that for a 100-output 
device 
(PLD or any 


other 
device) 
with 
each 
output 
driving 
35 pF loads, 


where the output swing is 3 V and the output frequency 
is 50 MHz, the power dissipation 
contributed 
only by the 


load will be about 1.6 W regardless 
of the power dissipa- 


tion of the chip itself. 


Ice vs Frequency 


The operating 
current increases 
with frequency 
for both 


standard 
and 
zero-power 
CMOS 
devices. 
The 


difference 
is the current at low frequencies. 
A standard 


device typically can draw 35 mA at 0 MHz; a zero-power 
device typically draws less than 10 1lA. Figure 17 shows 
typical curves for standard 
and zero-power 
devices. 


b. 
Figure 
17. lee vs frequency: 
a. Half·Power 
Device; 
b. Zero· Power 
Device 


with existing 
specifications, 
the 16V8 and 20V8 
have 


their 
Icc specified 
at a frequency 
level: 
15 MHz for 


devi~es 
with tPD of 15 ns or slower, 
and 25 MHz for 


10 ns, 7.5 ns, and faster devices. 


lee vs Number 
of Product-Terms 


The number of product terms switching 
can sometimes 


affec~ Ice. On standard 
devices, 
however, the design of 


the particular 
sense amp determines 
whether the Ice will 


stanapotnl, Inecnange 
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product terms is negligible. 


AMD's zero-power 
devices 
have been designed 
with a 


product-term 
power-down 
feature 
that turns 
off those 


product 
terms 
not being used. The graph 
in Figure 
18 


shows the effects. Because these devices 
are intended 


for low-power 
and battery-operated 
use, the substantial 


extra power 
savings 
can significantly 
help extend 
the 


time between 
battery charges. 
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Ice vs Temperature 


The amount 
of current 
drawn by a device 
depends 
on 


how 
much 
current 
can pass 
through 
the transistors. 
Simplistically 
speaking, 
the channel 
of a transistor 
can 


be modelled 
as a resistor. 
The resistance 
is affected by 


temperature, 
since temperature 
affects the mobility 
of 
eleytrons. 
The hotter the device is, the more the mole- 


cules 
are 
vibrating 
around, 
and 
the 
harder 
it is for 


electrons to pass through without a collision with a mole- 


cule; that is, electrons 
are less mobile 
in a hot device. 


This means that the resistance 
of the channel 
is higher, 


which 
in turn 
means 
that 
the 
device 
conducts 
less 


current. 
Therefore 
Ice is greatest 
when 
the device 
is 


cold, and is minimized 
when the device is hot. A typical 


curve 
is shown 
in Figure 
19. 
This 
curve 
has 
been 


generalized 
by normalizing 
the 
current 
to the 
room 


temperature 
current. 
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Iccvs Vcc 


The variation 
of Ice with changes 
in Vee should come as 


no surprise; 
as Vee increases, 
so does Ice. This means 


that the power consumption 
actually 
increases 
roughly 


as the square of Vee, since power consumption 
can be 


expressed 
as 


V2cc 


P = 
VccIcc 
= Reff 


where 
Ref! 
is defined 
as i~~.This is a simplification, 
of 


course, 
since 
Reff is non-linear, 
and varies with Vee. A 


typicallcc 
vs Vee curve is shown 
in Figure 20. 


Vcc (V) 


Figure 20. Ice vs Vcc 
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Inpiut/Output Structures 


The basic input and input/output structures are shown in 
Figure 21. 
The ESD circuits and the programming 


voltage detection circuits will be discussed in more 
detail later. 


Newer devices have pull-up resistors as shown below. 
In these devices, there is also a transistor in series with 
the resistor. 
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lgure 21. Equivalent Input/Output Schematics: 
a. Input with PUll-Up Resistor and Overshoot Filter; 


b. Output with Pull-Up Resistor 


I-V curves 


Figure 22 shows 
a typical 
I-V curve for an input buffer. 


Within the range of normal input signals, the input buffer 
has extremely 
high impedance, 
with diodes 
and MOS 


transistors 
that turn on when the input is below ground. 
On higher speed devices, 
this has the effect of a high- 


speed diode capable of clamping 
negative overshoot 
on 


noisy signals. 


AMD~ 


Since the input is effectively 
a capacitor, 
the impedance 


has no real component; 
the imaginary 
portion falls with 


increasing 
frequency. 
A typical device 
has an input ca- 


pacitance 
of 8 pF at 1 MHz. Assuming 
a capacitance 


around 8 pF at higher frequencies, 
this yields a capaci- 


tive reactance 
of 2.5 KQ at 50 MHz. 
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FigJre 23 shows typical I-V curves for high and low TTL- 
styl~ outputs. 
The impedance 
of a low output 
is about 


10 ,?; a high output 
has an impedance 
of about 30 Q. 


The fact that the impedances 
are somewhat 
more sym- 


metric than those found on a bipolar device makes it a bit 
easier to terminate 
long traces 
accurately. 
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Figure 
23. 
I·V Curves 
for a TTL-Style 
Output 
with 
No Pull-Up 
Resistor: 
a. Output 
LOW; 
b. Output 
HIGH 


Figure 24 shows the curves for rail-to-rail switching out- 
puts. The p-channel impedance, when the output is 
HIGH ranges from 200 Q when extremely heavily 


loadedto about 50 Qwhen lightly loaded. The n-channel 
impedance is lower, at about 10 Q. 
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b. 
Figure 24. I-V Curves for a CMOS-Style Output: 
a. Output LOW; b. Output HIGH 
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Ope 
Inputs 


Newer devices 
have input pull-up resistors 
with a mini- 
muj 
resistance 
of 50 kil. 
When unused, 
these inputs 


can 
e left unconnected. 
With older devices, an unused 


inpu 
should 
be pulled 
HIGH or LOW. A floating 
input 


may cause 
no trouble, 
but there 
are some 
potential 
concerns. 


First, if an input is floating with its voltage near threshold 
(1.5 V for a TTL-style 
device), 
the input buffer can con- 


duct tens of mA of current. 
This does not damage 
the 


deviqe, but must be calculated 
into the power budget. Of 


cour~e, as the input moves away from the threshold, 
the 


current 
decreases. 
In a noise-free 
environment, 
any 


floating 
inputs will generally 
tend to drift to ground. 


The second 
concern 
is the fact that the environment 
is 


not usually 
noise-free. 
The unused 
input is not directly 


connected 
to any internal 
logic, so there should be no 


interference 
between the input and the other logic. How- 


ever'~if there 
is noise on an unused 
input floating 
near 


thres 
old, internal 
noise could be generated 
should the 


input buffer start to oscillate. 
This could disturb some of 


the surrounding 
circuitry 
as well as the internal ground, 


compounding 
the problem. 


On a device without 
pull-up resistors, 
an unused 
I/O pin 


can be pulled 
HIGH or LOW by programming 
it as an 


output with constant 
value 1 or O. The output buffer itself 
then rcts 
as the pull-up or pull-down. 


outP~t 
Drive 
vs Temperature 
and Vee 


The output drive varies with the temperature 
just as Ice 


does. As the temperature 
increases, 
electron 
mobility 


decreases, 
cutting 
the 
drive. 
Likewise, 
the 
drive 
in- 
creases as the temperature 
decreases. 
For example, 
at 
75° IOLdecreases 
by about 18% from its room tempera- 


ture rlue; 
IOHdecreases 
by about 7%. 


The drive also varies directly with Vee, although 
the ef- 


fect is most pronounced 
on IOH; it increases 
by about 


18% when taken from 5.0 V to 5.25 V. Because 
a low 


output transistor 
is already ON hard, the little extra bit of 


drive 
that 
its gate 
gets 
as Vcc 
goes 
to 5.25 
V only 
increases 
IOLby about 3%. 


Ther~ is no explicit current-limiting 
resistor on the pull- 


up. Tre 
resistance 
of the 
pull-up 
channel 
limits 
the 


current. The fact that this resistance 
is smaller than what 


one might find in a bipolar 
device 
contributes 
the the' 


more symmetric 
impedances, 
but also gives 
a higher 


short-circuit 
current 
Isc. 
The slew-rate-Iimiting 
circuit 
also 
limits 
the 
drive; 
slew 
rate 
limiting 
is discussed 


below. 


AC ~arameters 


AC pqrameters 
vary with a number 
of conditions. 
The 
data sheet specs pick one set of conditions 
that act as a 


benchmark 
for confirming 
the guaranteed 
performance, 


but as the application 
changes the conditions, 
the actual 


system 
performance 
may 
change 
for 
the 
better 
or 


worse. 


AC Test Conditions 


AC test conditions 
are sometimes 
treated differently 
for 


CMOS than they are for bipolar. 
However, 
since most of 


the CMOS 
products 
are designed 
to work 
in a TTL 


environment, 
the test conditions 
that AMD uses gener- 


ally are the same as those used for bipolar devices. 
The 


resistor network is chosen to match the output drive lev- 
els, and the load capacitor 
is normally 
50 pF. JEDEC re- 


cently 
changed 
the load standards 
from what 
had to 


date been the industry 
de facto standard, 
but for TTL 


parts this only affects 
the resistor 
values; 
a 50 pF ca- 


pacitance 
is still part of the standard. 
Note that in the 


JEDEC 
standard, 
the decision 
affecting 
which 
load to 


use depends only on the interface 
level, not the technol- 


ogy. Thus all parts intended to operate 
at TTL levels are 


given the same load, whether 
bipolar or CMOS. 


AMD has made two exceptions 
to the 50-pF 
load. The 


first is for the zero-power 
devices, which are designed 
to 


operate at true CMOS levels. The JEDEC load standard 
is different 
for these devices; 
it has a different 
resistor 


network, 
and uses a 30-pF capacitor. 'The second 
ex- 


ception 
is the MACH 
family: 
in this density 
range, 
a 


precedent 
had been set at 35 pF, prior to the JEDEC 


standardization. 
To be compatible 
with existing devices, 


the MACH devices 
are measured 
with 35 pF loads. 


tPD vs Temperature 


Propagation 
delays decrease 
(that is, they speed up) at 


colder temperatures 
for the same 
reasons 
that Icc in- 


creases. 
In general, 
devices 
at O°C operate 
about 15% 


faster than those at 75°C. 


tPD vs Vcc 


As Vcc is increased, 
more power 
is available, 
and the 


device 
can operate 
faster. 
However, 
the effect 
is less 


pronounced 
than that of temperature. 
A device operat- 


ing with a 5.25 V supply runs about 4% faster than one 
running with a 4.75 V supply. 


tPD vs Loading 


The tpo increases 
as the 
device 
load 
increases, 
al- 


though much of this results from the increase 
in rise and 


fall times of the outputs. 
For every 50 pF change 
in load, 


roughly a 2- to 5-ns change 
in the rise and fall time can 


be expected. 
In addition, 
as the load increases, 
more 


transient 
current 
is switched, 
creating 
more 
internal 


noise. This can slow the speed path inside the chip. 


Power-Up Reset 


Power-up 
reset is a feature that forces a device to power 


up into a known state. Without this feature, the power-up 
state is not known. 
Power-up 
reset helps make system 


initialization 
and testing 
simpler. 


The ramp rate of Vcc is not critical to the power-up 
reset 


function. 
However. 
there 
are two other 
requirements: 
the supply ramp must be monotonic, 
and the clock must 


be suppressed 
until power-up 
is complete. 


The monotonicity 
requirement 
basically 
says that there 


should 
be no low-going 
glitches 
in the power-up 
ramp 
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(Figure 25). The danger in such glitches is that if the tim- 
ing and voltage 
are just right, the registers 
themselves 


may think that the device 
powered 
down 
temporarily, 


causing 
them 
to lose their 
state. 
If the glitch 
is fast 


enough, 
however, 
the power-up 
reset circuit 
may not 


notice the glitch, and may think that everything 
is pro- 


ceeding 
just fine. At the end, the registers 
may be in a 


random state. 
Even if the power glitches 
low enough for 


long enough 
to shut down 
all circuits, 
the 
power-up 
timing must be restarted 
from the end of the glitch. 
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There is also a requirement 
that the clock not be running 


during 
power-up 
(Figure 
26a). 
If the clock 
is running 


while the device 
is powered 
up, then, as different 
parts 


of the device-and, 
indeed, 
the whole 
circuit 
board- 


turn on. parts of a single 
device, 
or different 
devices, 
may 
be 
out 
of 
synchronization 
with 
each 
other 


(Figure 26b). At some point, a part of a device will be ON 
enough to start recognizing 
the clock. It will then start to 


sequence 
as per the inputs it sees. If the inputs are not 


stable, the sequence 
may not be correct. 
In addition, 
if 


not all parts of the circuit or board recognize 
the clock at 


exactly 
the 
same 
time, 
some 
parts 
will 
start 
cycling 


before 
others, 
and 
the whole 
system 
will 
be out 
of 


synchronization. 


The 
other 
potential 
(although 
remote) 
problem 
with 


clocking 
during 
power-up 
is metastability. 
If a register 


powers ON in time to see the clock edge, its setup time 
might have been violated, 
making the results at the out- 


put unpredictable. 
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Figure 26. 
Clocking 
During 
Power-Up 
Reset: 
a. Correct 
Operation; 
b. Free-Running 
Clock Places 
Pan B 


One Clock Cycle Out of Sync with Pan A 


Powered-Down 
Characteristics 


Some 
applications 
place the CMOS 
PAL device 
in a 


situation where it is itself powered 
down, but it is driving 


or is driven 
by other devices 
that are still powered 
up. 


This 
is especially 
typical 
of devices 
that 
are talking 


directly to a bus (Figure 27). 


The characteristics 
of the device 
in such 
a condition 


depend on how the power was removed. 
There are two 


ways of removing 
power: 


• 
opening 
up the Vcc line (e.g., if Vcc is fused, 
and 


the fuse blows; 
Figure 28) 


• 
grounding 
Vcc (Figure 
29) 
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'15,; 
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External 
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Only 
Blocks 
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b. 


Figure 30. 
Powered·Down 
Current 
Paths with P-Channel 
Pull-Up: 
a. Vcc Grounded; 
b. Vcc Open 


It is important to know whether, for a given device, there 
is some kind of path from the pin to Vcc when Vcc is 
Iowerthan the pin voltage. If any current can flow, it is 
not necessarily catastrophic, but there can be some ef- 
fect. If Vcc is grounded, then there is a direct path to 
ground for any current flowing from the pin to Vcc 
(Figure 30a). If Vcc isopen, then the only path from Vcc 
to ground is through the device itself, and through the 
Vcc lines of any other devices on the same Vcc line 
(Figure 30b). In the latter case, the pin is essentially 


powering up the device(s) itself; realistically, it cannot 
provide enough power to drive the chip, and this could 
result in the pin being loaded down. 


Most of AMD's CMOS PLDs have no such path when 
powered down. Figures 31 and 32 show the I-V curves 
of inputs and 1/0 pins while Vcc is open and Vcc is 
grounded. Figure 31 is for TIL-compatible 
devices, 


which have n-channel pull-ups onthe outputs. Figure 32 
is for the HC/HCT-compatible zero-power devices and 
the PALCE610H-15, which have p-channel pull-ups. 
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Figure 31. Power-Down Characteristics 
of TTL-style CMOS Inputs and Outputs: 
a. Standard; 


b. Older ESD Structure 
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Figure 32. Power-Down Characteristics 
of CMOS-Style Output: a. Vcc Open; b. Vcc Grounded 
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NotVhat 
for most of the TIL-compatible 
devices, there 


is n 
leakage on the pins. This means that signals on a 


pin 
re 
not 
affected 
by the 
powered-down 
device. 
TheEfore 
it can be safely connected 
to an active bus. It 


also allows for safe hot insertion, 
where the device 
(or 


the 
ard that contains 
the device) 
is plugged 
into a 


soc~et that has Vcc applied. 


As 
result of one of the ESD structures 
(which are dis- 


cus 
ed below), some devices do conduct 
some current 


wher 
Vcc 
is powered 
down 
(Figure 
31b). 
Newer de- 


vice~ do not have this characteristic. 


With the HC/HCT-compatible 
devices, 
the input struc- 


tures are the same as for TIL 
devices, 
but the outputs 


conduct 
because 
of the p-channel 
pull-up. 
There 
is a 


parasitic diode between the output and Vcc (Figure 33). 
This can cause latch-up 
if the output voltage 
is higher 


than Vcc. Thus it is not recommended 
that devices with 


p-channel 
outputs 
be directly 
connected 
to a bus if the 


device 
will be powered 
down 
while 
the bus is active. 


Hot-insertion 
of these devices 
should also be avoided. 


DEVICE INTEGRITY AND ROBUSTNESS 


The 
reliability 
of AMD's 
CMOS 
processes 
is docu- 


men ed in product 
and process qualification 
books. For 


EE4 process 
products 
generally, 
the extended 
life FIT 


rate IS under 100 and declining. 
The rate for the devices 


with 2000 
hours burn-in 
is around 
30; similar 
devices 


with only 1000 hours burn-in 
have a FIT rate closer to 


100. With 
more 
burn-in 
experience, 
the 
FIT rate will 


decl~ne even further due to the statistics 
used to calcu- 


late fiT 
rates. The FIT rate calculation 
is such that with 


fewEjr burn-in 
hours, 
a lower confidence 
factor 
is ap- 


plie9' giving 
higher 
FIT rates on newer products 
even 


wher 
there are no failures. 


ESIi) 


EV; 
pin on the devices 
is protected 
against 
electro- 


stati, 
discharge 
(ESD), 
a 
formal 
name 
for 
static 


ele 
ricity shocks. 
Output 
pins rely on the large output 


drivEYs as protection. 
Inputs normally 
do not have large 


drivEjrs, so a circuit must be added for input protection. 
The~e 
input protection 
circuits 
also provide 
clamping 


against negative 
overshoot. 


All 
rew 
devices 
make 
use 
of 
the 
structures 
in 
F'QT' 34. aod 340 (0' ESD .,oto",o". Mom ,".', 
.'" 


use the circuit in Figure 34a. On pins requiring 
high volt- 


ages, 
the 
circuit 
has 
been 
modified 
as 
shown 
in 


Figure 34c. Some older devices 
have the configuration 


shown in Figure 34b. Because the active pull-down 
tran- 


sistor 
is not ON when 
Vcc 
is disconnected, 
it cannot 


necessarily 
hold off the ESD transistors; 
this causes the 


current seen in Figure 31 b. This circuit is no longer be- 
ing used in new devices. 


Noise Generation and Sensitivity 


AMD's CMOS 
PLDs are designed 
with noise concerns 


in mind. 
This affects 
both the amount 
of noise gener- 


ated by the devices 
and the way in which the devices 


react to externally-generated 
noise. 
As more is under- 


stood 
about 
the 
nature 
of 
system-level 
noise, 
new 


design techniques 
are being used to make the devices 


quieter and more robust. 


Ground 
Bounce 


Ground 
bounce 
occurs when many outputs 
simultane- 


ously switch from HIGH to LOW. 
This occurs 
because 


of the fact that CMOS 
devices 
generally 
have outputs 


that 
switch 
very 
quickly. 
If left 
uncontrolled, 
ground 


bounce can make a device with many outputs unusable. 


Vccr 
- 
Input r 
- 
- 
1650 7A-058A 


a. 


Vcc 


Vccy 


c. 


Figure 34. 
ESD Protection: 
a. Standard; 
b. Older Version; 
c. Supervoltage 
Pins 


Ground bounce 
is generated 
by the natural parasitic 
in- 


ductance 
in the ground 
lead (see Figure 35). When a 


large current 
surge goes through the inductor, 
the high 


~ 
induces 
a voltage 
that puts the ground 
level on the 


chip at a higher voltage 
than the ground 
level seen on 


the board. 


AMD~ 


Figure 35. 


Origins 
of Ground 
Bounce 


Any output that is at a static LOW level maintains 
a VOL 


with respect 
to the chip ground. 
If the chip ground 
is 


bouncing 
with respect 
to the board 
ground, 
the LOW 


output will track the moving chip ground and will also ap- 
pearto 
bounce (see Figure 36). This is sometimes 
seen 


as a glitch by the next device. 
Even if there is no output 


glitch, 
instances 
of high ground 
bounce 
can slow the 


performance 
of the internal circuits by temporarily 
starv- 


ing them of power. 
In extreme 
cases, this can interrupt 


the internal circuits. 


LOW Output 


VOL 
I 


III... 
0 
Chip Ground 
> 


I 
0 


Excess ground bounce can be handled in two ways: 
by 


limiting the amount of ground 
inductance 
and by reduc- 


ing the ~ 
. Inductance 
can be reduced 
by improving 


the configuration 
of the ground pin. On AMD's 28-pin de- 


vices 
with 
many 
outputs 
(PALCE24V10 
and 


PALCE26V12), 
the ground 
pin has been 
moved 
from 


~AMD 


thelcorner 
to the center of the DIP package, 
effectively 


red~Cing the inductance 
by a factor of about four. 


Ground 
bounce 
is also controlled 
by limiting 
the slew 


ratEjof all the output drivers 
(see Figure 37). This slows 


do~n 
the 
fall 
time 
and 
reduces 
the 
rate 
of current 


change 
by as much as 25%. 


Ov,rshoot 
Sensitivity 


Overshoot 
is a form of noise usually 
generated 
when 


sig~al traces act as transmission 
lines but have not been 


aderuately 
terminated. 
The 
resulting 
reflections 
can 


cau$e significant 
overshoot, 
with as much as double the 


interded 
swing 
applied 
to the input in the negative 
or 


pos tive direction. 


Ne~ative 
Overshoot 


Ne~ative overshoot 
(Figure 38) poses no problems for a 


devfe 
that has been carefully 
designed. 
There 
is no 


detrimental 
effect 
as long as no unexpected 
parasitic 


behavior 
occurs due to the fact that ground is no longer 


the fost 
negative 
voltage. 
However, 
the ringing 
that 


usually 
follows 
overshoot 
can slow down system 
per- 


for~ance, 
since the system has to wait for the ringing to 


sub~ide. 


ClamP diodes are useful for stealing the energy present 
in the ringing, and cutting the ringing short. A fast clamp 
reacts to the overshoot 
as it occurs, cuts the amplitude 


of the overshoot, 
and 
reduces 
or eliminates 
ringing. 


Figure 
39 shows 
the 
ESD protection 
circuit 
used 
on 


most input pins. Parasitic 
p-n junction 
diodes 
exist be- 


tween the substrate 
and the n-type 
source 
and drain, 


although 
these diodes are relatively 
slow. Faster reac- 


tion is provided 
by the n-channel 
devices 
themselves. 


When the input is too negative, the gate-to-drain 
voltage 


is positive. 
If the drain is more negative than the thresh- 


old 
voltage, 
the 
transistors 
turn 
on 
in the 
reverse 


direction, 
with 
the 
drains 
acting 
as a sources. 
This 


happens very quickly and acts as a clamp. This will also 
happen on an I/O pin, with the low output driver acting as 
the clamp. 


While it might appear that parts with negative 
substrate 


bias can "tolerate" 
more negative 
overshoot, 
it is really 


more accurate to say that these parts allow more nega- 
tive overshoot, 
since there is no clamping. 
If there are 


effective 
input 
clamps, 
which 
are 
possible 
with 
a 


grounded 
substrate, 
then it will look like the part never 


gets as much negative overshoot. 
This does not mean it 


can't handle the overshoot; 
it means that it is clamping 


the overshoot. 
If you take the part out of the socket, you 


will 
see 
that 
when 
unclamped, 
the 
overshoot 
will 


increase dramatically, 
as illustrated 
in Figure 40. Since 


AMD's 
devices 
have 
a grounded 
substrate, 
they 
are 


inherently 
better 
equipped 
to 
handle 
negative 


overshoot. 
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Figure 39. 
Negative 
Overshoot 
Clamping: 
a. Circuit 
Diagram; 
b. Cross-Section 
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Figure 40. The Effect of Clamping: 
a. Signal Driving Empty Socket; 
b. Signal Driving same Socket with CMOS PAL Device In n 


Positive Overshoot 


Large amounts 
of positive overshoot 
(Figure 41) can be 


a problem 
on most PLDs, regardless 
of technology 
or 


vendor. 
This is because 
most PLDs are programmed 


using supervo/tages, 
and the pins therefore 
have super- 


voltage 
detectors 
that turn on the programming 
or test 


circuits, and potentially 
disable parts of the normal oper- 
ating circuitry. 


If there is too much positive 
overshoot, 
the signal can 


travel into the programming 
voltage 
range, briefly acti- 


vating the programming 
circuitry. 
This can result in func- 
tional 
interruptions, 
such 
as 
outputs 
momentarily 


starting to disable 
or going from HIGH to LOW. 


AMD~ 


For earlier devices, the problem 
can only be avoided 
by 


revising the design to reduce the overshoot. 
A particular 


design in a particular 
device 
might work, but this might 


be because that device has no supervoltage 
function 
on 


that particular pin. But if you use an alternate source with 
different 
supervoltage 
pins, the design 
might not work. 


New AMD CMOS devices 
incorporate 
a filter, or delay 


circuit, that delays the reaction of the programming 
cir- 


cuit for about 100 ns. This is enough to reject overshoot 
signals, which usually 
last for less than 30 ns. Positive 


overshoot 
wil not cause any functional 
interruptions 
on 


devices with this protection 
(see Figure 42). 


Programming 


or Test 
Input 


Super 
Voltage 
Detect 
Circuit 


Programming 
or Test Circuitry 
11Filter 
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Figure 
43a). 
These 
transistors 
form 
a parasitic 
SCR 


(see Figure 43b), which turns ON when triggered, 
con- 


ducting large amounts of current. 
It is usually impossible 


to shut OFF without 
removing 
all power from the device. 
The amount of current drawn is so high that it can either 
overload 
a power supply or, if the power supply can sup- 


ply huge amounts 
of current, 
destroy the device. 


enough current drawn to cause the SCR to turn on. This 
condition 
usually 
occurs 
when 
hot-socketing 
a vulner- 


able part; Le., plugging a part into a powered up board or 
inserting 
a board into a powered-up 
system. 
When this 


happens, the inputs and Vcc power up uncontrolled, 
and 


there is a risk of latch-up. 


b. 


Figure 
43. 
Latchup 
Mechanism: 
a. Cross-section; 
b. Equivalent 
SChematic 


TTL -~ompatible 
outputs 
are intrinsically 
less suscepti- 
must be made as difficult as possible to turn ON by using 
ble to latch-up, 
since they 
have no p-channel 
pull-up. 
guard rings and very carefully 
laying out input and out- 
This 
accounts 
for nearly 
all of AMO's 
CMOS 
PLOs; 
put circuits. All ofAMO's 
CMOS devices are guaranteed 
these devices 
can be used for hot-insertion. 
to endure a current pulse of 100 mA into orout 
of the pin 


without 
inducing 
latch-up; 
most 
devices 
can 
actually 


withstand 
over 500 mA. Since AMO's zero-power 
parts 
For true CMOS outputs, 
the SCR is an intrinsic 
part of 


the CMOS structure 
and cannot be eliminated. 
The SCR 


_ •• _ :z""I 


insertion is not recommended. 
supervoltage"functionsvary. Thus, overshoot on ( 


and the PALCE610H-15 
havo true CMOS outputs. 
not 
pear 
on 
o.tlerent 
pins 
lor 
o•••erent- oevlc~s.-an-a- tno 
.. 
. - . 
.. 


insertion 
is not rocommended. 
supervoltage 
functions vary. Thus. overshoot 
on one pin 
Of a particular 
bipolar 
device 
might 
havo 
had 
no effect. 


Once 
that 
device 
Is changed 
(vvhether 
to CMOS 
or any 


other 
device 
that has no overshoot 
filter). 
the nevv device 


might 
react 
to the overshoot 
and 
cause 
prOblems. 


COMPATIBILITV 
VVITH BIPOLAR 


Most of the CMOS 
PLDs 
are designod 
to be compatible 
vvUh -rTL 
circuits: 
indeed, 
many 
designers 
have 
re- 


placed 
bipolar 
TTL 
devices 
vvllh a CMOS 
equlvalont. 


Often 
this can 
be done 
blindly 
vvithout 
affecting 
system 


porformance. 
Tho 
intorface 
levels 
are compatible 
and 


should 
poso 
no probloms. 
Even 
the 
zoro-po'oNer parts 
have been designed 
'lNlth input 
buffors 
that can respond 
to TTL 
or CMOS 
signals. 


HO'oNover, 'lNhen making 
such 
a conversion. 
some 
de- 


tails 
require 
altention. 
ospecially 
In 
cases 
'oNhore a 


straight 
convorsion 
appears 
not to 'lNork. 


Ground 
Bounce 
Because 
CMOS 
devices 
generally 
have 
highor 
output 


sle'oNrates. 
designs 
having 
many 
outputs 
s'lNitching 
at 


the 
same 
time 
(particularly 
if the 
outputs 
are 
heavily 


loaded) 
can 
cause 
more 
ground 
bounce 
than 
that 


generated 
by a comparablo 
TTL device. 
It is important 
to 
use devices 
'lNith output 
slevv rate control. 


Tho 
sle'oN-rate-limitlng 
circuits 
help 
minimize 
the occur- 


renco of conversion 
probloms. 
but oven 'oNhenthe output 


sle'oN rato 
Is 
limited. 
tho 
signal 
stili 
can 
s'oNltch more 
quickly 
than that from a TTL output. 
If a design 
cannot 
be 
modified 
to 
accommodate 
tho 
'astor 
odgo 
ratos. 
this 
ground 
bounce 
may 
mako 
a conversion 
unfeasible. 
if 


design 
changes 
are possible. 
anyof 
tho follo'oNlngcan be 
tried: 


_ 
Limit the number 
of outputs 
that can 
s'oNitchat once. 


_ 
Reduce 
the loading 
on the outputs. 


_ 
Go to a lovvor-Ieod-inductance 
package 
(like a 
PLCC). 
Ensure 
that the ground 
path on the circuit 
board 
has 


lovv inductance. 


Overshoot 
The other 
possible 
problem 
'oNhonconvorting 
'rom 
bipo- 


lar to CMOS 
Is reaction 
to signal 
overshoot 
in a noisy 


system. 
This 
Is only an issue 
if the CMOS 
device 
has no 


overshoot 
protoctlon. 
Overshoot 
sensitivity 
is not spe- 
cifically 
related 
to CMOS. 
but results 
from programming 


algorithms 
being 
different 
botvveen 
tho 
technologlos. 
This 
also 
can 
occur 
vvhon 
changing 
bet'oNeen bipolar 


vendors. 
or vvhon changing 
betvveen 
CMOS 
vendors. 
If 


the noise 
on a signal 
can disturb 
supervoltage 
circuitry. 


this can 
bo troublesome. 


Ditferent 
devices 
have 
dlfferont 
sonsitlvltlos: 
this 
accounts 
for somo 
of tho apparent 
incompatibility. 
Hovv- 


ever. the culprit 
usually 
is the lact that supervoltagos 
ap- 


The 
solution 
Is to ensure 
that 
all signalS 
are clean 
and 


have 
minimal 
ovorshoot. 
making 
them 
compatible 
vvlth 
any device. 
Signal 
noise reduction 
can be accomplished 


most effectively 
by controlling 
the Impedance 
of the sig- 


nal traces 
and terminating 
correctly. 
As an altornatlve, 
if 


the driving 
device 
has extremely 
fast 
edge 
rates. 
It can 


be replaced 
'oNltha device 
that has belter 
controlled 
out- 


put sle'oNrates. 
Direct JEDEC File Conversions 
.rolTl 


Bipolar 
to CMOS 
W'ith 
some 
CMOS 
devices 
(most 
notably 
the 


PALCE1 
eve 
and PALCE20VB). 
converting 
logic from 
a 


bipolar 
device 
is particularly 
sln,ple 
once 
the 
nolso 
is- 


sues have been addressed. 
This can be done 
In the pro- 


grammor 
or by conversion 
solt\Nare. 
It only 
aNocts 
the 


JED 
C IIle: 
the 
source 
IIle 
Is not 
required. 
Generally. 


this Is recommended 
only for doslgns 
vvhose source 
file 


is not available. 
if the source 
fllo Is available, 
it Is recom- 


mended 
that you change 
the device 
type 
In the source 


1110.and then 
recompile 
to generate 
a nevv JEDEC 
file. 


This 
permits 
bolter 
documentation 
and revision 
control. 
slnco 
tho sourco 
file Is then 
consistent 
vvlth the JEDEC 


fllo being 
used 
In production. 


SUMMARV 
By concentrating 
on 
the 
needs 
of 
CMOS 
PLD 
users. 


AMD 
has 
developed 
Industry-leading 
CMOS 
technol- 


ogy that can provide 
cost-effective 
PLDs 
of unequalled 
quality, 
reliability. 
and 
perforn,anco. 
AMD 
provides 


value 
tt,rough: 


AMD-O'oNned labs, 
lor botter 
conlrol 
of quality, 


reliability. 
volume. 
and costs 


_ 
electrical 
erasure. 
lor 
higher 
quality 
and 
lovvor cost 


_ 
tho highost 
porformance 
available 


_ 
robust 
technology 
that 
is quiet 
and yet tolerant 
01 


noise 
an oxtremoly 
broad 
offoring 
01 products: 
lovv and 


high density, 
10'oNand zero 
povver 
This 
application 
note 
has detailed 
many 
of the aspects 


of the technology 
that 
make 
It suporlor 
to any 
alterna- 


tives. 
This. 
togother 
vvlth tho information 
In the 
Individ- 


ual 
data 
sheets. 
qualification 
books. 
and 
a 
cre\N 
of 
applications 
engineers. 
should 
provide 
ansvvers 
to your 
Questions 
as 
you 
make 
use 
01 AMO"s 
CMOS 
PLO 


tochnology. 
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. 
t:~:~~~T~:fe~~:~~ 
:.::::::::::::.::::::::.:::::.::::::::::.::::.:::::::.:: 


~~~;~e~~7;s 
.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 


~tate during power-up 
. 


~tructure 
. 


transition 
detectors 
. 


TIL, 
CMOS compatibility 
. 


voltage 
level 
. 


4-4 


4-3 
4-4 


4-37 
4-37 


4-37 


4-37 


4-37 


4-3 
4-4 et seq 
4-9 
4-13 
4-14 


4-14 


4-14 


4-13 


4-14 


4-3 
4-14 
4-30 
4-30 


4-32 


4-30 
4-4 et seq 
4-13 
4-3 
4-3 
4-31,4-37 
4-31,4-37 
4-4 
4-30, 4-36, 4-37 
4-21 
4-21 
4-24 


4-12,4-13 


4-30 


4-24 


4-30 


4-21 


4-21 


4-30,4-32 


4-35 


4-29 
4-24 


4-25 


4-20 


4-15 


4-37 
4-16 


power consumption 
. 


JEDEC file conversion 
. 


JEDEC 
load standard 
. 


latch-up 
. 
hot insertion 
. 


negative 
substrate 
. 


relationship 
to overshoot 
. 


Leff 
............................•..•.....•........ 
, ...........•........•.... 


MACH output 
load 
. 


margin voltage 
. 


metal interconnect 
. 


pitch 
. 


minimum 
feature 
. 


n-well structure 
. 
noise 
. 


ground bounce 
. 


overshoot 
sensitivity 
. 


latch-up 
. 


outputs 
as ESD protection 
. 


as overshoot 
clamp 
. 


behavior 
due to overshoot 
. 


compatibility 
with TIL, 
HC/HCT 
. 


current 
limiting 
. 


drive 
. 


floating 
. 
ground 
bounce 
. 


HC/HCT-compatible 
. 


hot insertion 
. 


I-V curves 
. 


impedance 
. 


load 
. 


power dissipation 
. 


powered 
down 
. 


pull-up transistors 
. 


rail-to-rail 
. 


rise and fall times 
. 


role in latch-up 
. 


short-circuit 
current 
. 


slew rate 
. 


structure 
. 


TIL-compatible 
. 


overshoot 
causes 
. 
clamping 
. 


CMOS vs bipolar 
. 


filter 
. 


negative 
. 


~ 


4-15 


4-37 
4-24 
4-36 
4-30 


4-4 


4-4 


4-3 
4-24 
4-14 
4-3 
4-3 


4-3 
4-3 
4-30 
4-31 


4-32 


4-36 


4-30 


4-32 


4-35 


4-3,4-37 


4-24 


4-24 


4-24 


4-31 
4-30 


4-30 


4-22 


4-22 


4-24 


4-15 


4-27 


4-3 


4-3,4-23 


4-24 


4-30,4-21 


4-36 


4-24,4-37 


4-20 


4-30 


4-32 


4-3,4-21, 
4-30,4-32 


4-37 
4-35 


4-4,4-21, 
4-30,4-32 


4-35 


4·39 


~IAMD 


INDEX (continued) 


relationship 
to latch-up 
. 


ove shoot clamping 
. 


Iro1e of ESD structure 
. 


pol~-silicon 
interconnect 
. 


elimination 
of second 
layer 
. 


povJer dissipation 
. 
frequency 
. 


input voltage 
. 


output loading 
. 


product terms 
. 


~emperature 
. 


Vcc 
. 


powE~~u.~ 
: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 


power-up 
reset 
. 


powrred-down 
characteristics 
. 


programmable 
array 
. 
area 
. 
~:~~u~~~:~~ti~~ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::: 


programmers 
. 


programming 
cell 
. 
data retention 
. 


endurance 
. 


implant 
. 


programming 
and erasure 
mechanisms 
. 


I If I' 
.. 
. 
se - Imiling programming 
. 


underprogramming, 
undererasure 
. 


propagation 
delay 
. 
~ise and fall times 
. 


reliability 
. 
SeR 
. 
substrate 
. 


as source 
of electrons 
for UV parts 
. 


floating, 
negative 
. 


grounded 
. 


d,vershoot clamping 
. 


supervoltages 
. 


transmission 
lines 
. 


tunn~1 oxide 
cell endurance 
. 


coupling 
ratio 
. 


~,~ ~~~~~~o~.: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 


thickness 
relative to UV 
. 


tunneling 
. 


~b:~~;-N~'rdh~i'~ 
.::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 


UV-erasable 
devices 
. 
compared 
with EE 
. 


yields, programming 
and functional 
. 


4-4 


4-5,4-21, 
4-30,4-32 
4-30 


4-3 
4-8 


4-15 
4-16 


4-16 


4-18 


4-18 


4-18 


4-19 


4-4 


4-25 


4-25 
4-27 
4-3 
4-8 


4-12 


4-15 


4-13 
4-8 et seq 
4-13 


4-14 


4-8 


4-8 et seq 


4-9,4-13 


4-13 


4-24 
4-24 


4-30 
4-36 
4-3 
4-4 


4-3 


4-3 


4-33 


4-35 
4-32 


4-14 


4-9 


4-13 
4-6 
4-6 


4-6 
4-6,4-13 


4-6 
4-4 
4-6 


4-13 


INDEX (continued) 


testing to ensure 
. 


zero-power 
devices 
. 


compatibility 
with TTL 
. 


hot insertion 
. 


I-V curves 
. 


output 
load 
. 


power dissipation 
. 


product-term 
power down 
. 


rail-to-rail 
operation 
. 


role of grounded 
substrate 
. 


AMo;tt 


4-6,4-14 
4-4,4-15 
4-37 
4-37 
4-23 


4-24 


4-15 


4-18 


4-3,4-15,4-23 


4-3 


~AMD 


Military PAL Devices 


~ 
Advanced 
Micro 
Devices 


Advanced 
Micro Devices' 
Military Programmable 
Array 


Logic (PAL) devices 
provide 
state machine 
and combi· 
natoriallogic 
solutions 
processed 
to military criteria. We 


offer the largest 
number 
of Standard 
Military 
Drawing 


PAL products 
in the industry. 


Applications 
for 
our 
configurable 
PAL 
architectures 


include counters. 
shift registers. 
accumulators, 
control 


sequence 
generators. 
decoders. 
multiplexers. 
adders. 


memory mapped I/O and much more. These designs go 
into radar systems, 
missile 
guidance. 
avionics, 
airport 


graphic 
terminals. 
parallel 
processors. 
military 
com· 


puter 
hardware, 
and product 
obsolescence 
solutions, 


just to name a few. 


Product 
tPD 
f,,,•.• 
lee 
Family 
Part Number 
Package 
Technology 
Inputs 
I/O 
Outputs 
Terms/Output 
ns 
MHz 
mA 


16R8 
PAL16L8-10 
/BRA 
TTL 
10 
6 Comb 
2 Comb 
7 
10 
10 
210 


PAL16R8-10 
/B2A 
8 
- 
8 Reg 
8 


PAL16R6-10 
8 
2 Comb 
6 Reg 
7.8 


PAL16R4-10 
8 
4 Comb 
4 Reg 
7.8 


PAL16L8·12 
/BRA 
12 
47.6 
210 


PAL16R8·12 
/B2A 


PAL16R6-12 


PAL16R4-12 


PAL16L8B 
20L. J. W 
20 
28.5 
180 


PAL16R8B 


PAL16R6B 


PAL16R4B 


PAL16L8B·2 
30 
20 
90 


PAL16R8B-2 


PAL16R6B·2 


PAL16R4B·2 


PAL16L8A 
30 
20 
180 


PAL16R8A 


PAL16R6A 


PAL 16R4A 


PAL16L8B-4 
50 
13.3 
55 
PAL16R8B-4 


PAL16R6B·4 


PAL16R4B·4 


20R8 
PAL20L8-10 
/BLA./B3A 
TTL 
14 
6 Comb 
2 Comb 
7 
10 
50 
210 
PAL20R8-10 
12 
- 
8 Reg 
8 


PAL20R6-10 
12 
2 Comb 
6 Reg 
7.8 


PAL20R4·10 
12 
4 Comb 
4 Reg 
7.8 


PAL20L8·12 
12 
41.7 
210 
PAL20R8·12 
PAL20R6-12 


PAL20R4·12 


PAL20L8-15 
15 
35.7 
210 
PAL20R8-15 


PAL20R6-15 


PAL20R4·15 


Military PAL Device Menu (Continued) 


Product 
!Po 
f•••• 
Ice 


Fa'1'i1y 
Part Number 
Package 
Technology 
Inputs 
110 
Outputs 
TermS/Output 
ns 
MHz 
mA 


I 
TIL 
6 Comb 
2 Comb 
7 
20 
28.5 
210 
201 


8 
PAL20L8B 
24JS, W, 
14 


PAL20R8B 
28L 
12 
- 
8 Reg 
8 


I 


PAL20R6B 
12 
2 Comb 
6 Reg 
7,8 


PAL20R4B 
12 
4 Comb 
4 Reg 
7,8 


PAL20L8A 
30 
20 
210 


PAL20R8A 


PAL20R6A 


PAL20R4A 


F I. 


Product 
!Po 
f•••• 
Ice 


a"lily 
Part Number 
Package 
Technology 
Inputs 
110 
Terms/Output 
Features 
ns 
MHz 
mA 


22VpO 
PAL22V10-12 
IBLA,/BKA 
TIL 
12 
10 Macro 
8-16 
Varied Term 
12 
50 
200 


PAL22V10-20 
20 
31.2 
200 


AmPAL22V10A 
IB3A 
Distribution 
30 
22 
180 


AmPAL22V10 
40 
16.5 
180 


PALCE22V10H-15 
EE CMOS 
15 
50 
120 


PALCE22V10H-2O 
20 
33.3 
120 


PALCE22V10H-25 
25 
26.3 
100 


PALCE22V10H-3O 
30 
25 
100 


20V8 
PALCE20V8H-15 
IBLA,/B3A 
EECMOS 
12 
8 Macro 
8 
GAL* Device 
15 
41.6 
130 


PALCE20V8H-20 
20 
33.3 
130 


PALCE20V8H-25 
Equivalent 
25 
25 
130 


16V8 
PALCE16V8H-15 
IBRA,/B2A 
EE CMOS 
8 
8 Macro 
8 
GAL*Device 
15 
41.6 
130 


I 
Equivalent 
PALCE16V8H-20 
20 
33.3 
130 


PALCE16V8H-25 
25 
28.6 
130 


I 


I 
Product 
Clock 
Other 
t,o 
f•••• 
Ice 
Family 
Part Number 
Package 
Technology 
Inputs 
Macro 
TermS/Output 
Cells 
Features 
ns 
MHz 
mA 


610 
PALCE610H-20 
IBLA,/B3A 
EE CMOS 
4 
16 
8 
Program- 
J-K 
20 
35.8 
90 


mabie 
Flip-Flops 


Output 
Burled 
Product 
t,o 
f•••• 
Ice 
FamilY 
Part Number 
Package 
Technology 
Inputs 
Macro 
Macros 
TermslOutput 
ns 
MHz 
mA 


MACH 1 
MACH110-20 
44COFP 
EE CMOS 
6 
32 
- 
0-12 
20 
40 
170 


MACH 1 
MACH13D-20 
84COFP 
EE CMOS 
6 
64 
- 
0-12 
20 
40 
220 


MACH 2 
MACH210-20 
44COFP 
EE CMOS 
6 
32 
32 
0-16 
20 
40 
195 


I 


Standard Military Drawing Program 


AMD 
is an active 
participant 
in the Standard 
Military 


Drawing 
(SMD) 
Program. 
The 
idea behind 
the SMD 


Program is to standardize 
MIL -STD-883, 
Class B micro- 
circuits. 
The advantage 
to the user is that SMDs are a 


cost effective 
alternative 
to source control drawings 
and 


are offered 
as off-the-shelf 
stocking 
items by IC manu- 
facturers 
participating 
in the program. 


Standard 
Military 
Drawings 
should 
always 
be consid- 


ered to improve 
availability 
over source 
control 
draw- 


ings. It is standard 
practice 
at AMD to convert 
our 883, 


Class B processing 
to SMDs for all products 
which we 


are approved 
to supply. AM D then dual marks these de- 


vices with both the SMD number 
and the Generic 
Part 


Number. 
DESC 
approved 
products 
can then be pro- 
cured to either part number as standard product through 
both OEM and Distributor 
channels. 


AMD will continue 
to work closely with DESC, generat- 


ing new drawings, 
which will provide a steady flow of ad- 


vanced 
technology 
products 
to 
standardize 


specifications. 


Product Introduction 
Procedures 


All new military products 
released by the Programmable 


Logic 
Products 
Division 
must 
successfully 
pass 


MIL-STD-883 
Class B processing 
prior to new product 


announcement. 
This practice 
allows us to do checkout 


of bonding 
diagrams, 
electrical 
test tapes and burn cir- 
cuits in a manufacturing 
environment. 
Programmability 


is checked 
when 
applicable. 
Our Engineering 
Depart- 


ment reviews electrical 
data to insure performance 
and 


yields to military data sheet limits are acceptable, 
prior 


to new product 
release. 
This procedure 
allows AMD to 


keep manufacturing 
start-up problems 
to a minimum 
on 


new product 
orders. 


AMD~ 


Manufacturing and Screening locations 


MIL-STD-883 
Class 
B products, 
and orders 
to source 


control 
drawings, 
are 
assembled 
at 
our 
Penang, 


Malaysia facility. This facility is qualified 
by AM D Quality 


Department, 
as well as by many of our customers, 
to 


manufacture 
non-MIL-STD-883 
Class B products. 
Con- 


formance 
to 
MIL-STD-883 
requirements 
is routinely 


monitored 
through 
audits at the Penang facility. 


Assembly 
location 
as well as fabrication 
and seal date 


codes are included 
in AMD's 
part marking. 


Example: 


92~ 
Assembly 
location 
code 


Shift identity 
(1st shift of week) 


Seal week (ww 35) 


Seal year (1992) 


Fab date code 
(1992, 
1st qtr.) 


Assembly 
Location 
Codes: 


Blank 
Sunnyvale 


M 
Manila 


P 
Penang 


~ 
AMD 


St+dard 
Military Flow Chart 


SCreening 
Class B 
Requirements 


Assembly 
Offshore 
assembly 


Internal visual 
2010 condo B 
100% 


Temperature 
cycling 
1010 
100% 


Constant 
acceleration 
2001 test condo D or E 
100% 


Y1 orientation 
only 


Interim electrical 
Per applicable 
device (1) 
100% 


parameter 
(1) 
specification 


TA = 25°C only 


'100 
Cycles bulk program 
100% 


and erase (2) 


'Bake 
48 hr. 150°C 
100% 


'Post 
bake electric 
TA = 25°C 
100% 


Burn In 
1015 Condo Cor 
D 
100% 


Post electrical 
parameters 
Per applicable 
device 
100% 
specification 


TA = 25°C only 


Percent defect allowable 
DC Parameters 
PDA = 5% or 1 device 
whichever 
is greater 


Final electrical 
Per applicable 
device 
100% 
parameters 
(hot and 
specification 


cold extremes) 


Seal 
A) Fine 
1014 Condo A or B 
100% 


B) Gross 
cond C 


Group A lot 
5005 Class B 
Sample 
every lot 


Group B inspection 
lot 
5005 Class B 
Every lot 


Group C 
5005 Class B 
Every 4 qtrs. of tab 


date code 


Group D 
5005 Class B 
Every 52 weeks 
External 
visual 
2009 
100% 


*EE CMOS Devices 


(1) Programming and verification are performed at 25°C only 


(2) May be performed at wafer sort. 


Quality Programs 


The Military Product Division quality system conforms to 
the following 
Mil-Standards: 


Mil-M-38510, Appendix A, "Product Assurance Program" 


Mil-O-9858, "Quality Program Requirements" 


Mil-1-45208, "Inspection System Requirements" 


Quality Assurance 


The 
Programmable 
Logic 
Products 
Division 
ensures 


outgoing 
product 
quality and integrity 
by performing 
in- 
spection 
Lot Group A's and S's per Mil-Std-883 
Method 


5005, 
conducting 
self 
audits 
in all areas 
involved 
in 


screening 
tests 
per 
Method 
5004 
of 
MIL-STD-883, 
gating all shipments 
to our customers, 
and maintaining 


a calibration 
control 
system 
in accordance 
with 
Mil- 


Std-45662. 


For products 
requiring 
programming 
prior to AC tests, 
testing 
is performed 
utilizing 
MIL-M-3851 
0 slash sheet 


sample plans and approved 
SMD sample 
plans. 


Product Qualification/Quality 
Conformance 
Inspection 
{QCI} 


AMD has a quality conformance 
testing program 
in ac- 
cordance 
with 
MIL-STD-883, 
Method 
5005. 
Quality 


Conformance 
Testing 
provides 
necessary 
feedback 


and monitors 
several 
areas: 


• 
Reliability 
of Product/Processes 


• 
Vendor 
Qualification 
for Raw Materials 


• 
Customer 
Quality 
Requirements 


• 
Maintain 
Product 
Qualification 


• 
Engineering 
Monitor on Products/Processes 


Standard 
procedures 
for new product 
release 
specify 


that AMD, as a minimum, 
conduct 
qualification 
testing 


per Company 
Policy specification 
on Product Reliability 


Qualification 
(00-021). 
Once qualified, 
each package 


type (from each assembly 
line) and device (by technol- 


ogy group as delineated 
in MIL-M-38510) 
are incorpo- 


rated 
into 
AMD 
Quality 
Conformance 
Inspection 


program 
which 
utilizes 
the 
requirements 
of 
MIL- 
STD-883. 


When military programs 
do not require that QCI data be 


run on the specific 
lot shipped, 
AMD Quality 
Confor- 
mance program allows customers 
to obtain generic data 


on all product 
families 
manufactured 
by AMD Generic 


Qualification 
Data 
enables 
customers 
to 
eliminate 


costly qualification 
and destruct 
unit charges, 
and also 


improves 
delivery 
time by a factor of eight to ten weeks. 


The following 
product 
data is available: 


Group 
B - Package 
Related 
Tests 


• 
QCI is performed 
in line on each inspection 
lot. 


• 
Purpose: To monitor assembly 
and device package 


integrity. 


Group 
C - Product/Process 
Related 
Tests 


• 
Group 
C is performed 
based 
on fab date code, 
at 


least every four quarters. 


• 
Life test data may be used to qualify similartechnolo- 
gies. 


• 
Purpose: To monitor the reliability ofthe 
process and 


the parametric 
performance 
for each product 
tech- 


nology. 


Group 
D - In-Depth 
Package 
Related 
Tests 


• 
QCI 
is conducted 
every 
52 weeks 
using 
devices 


which represent the same package construction 
and 


lead finish. 


• 
Any device type in the same package 
type may be 


used regardless 
of the specific 
part number. 


• 
Purpose: 
To monitor 
the reliability 
and integrity 
of 


various package materials and assembly 
processes. 


Process Audits 


Process 
Audits 
are 
performed 
in 
accordance 
with 


MiI-M-38510, 
Appendix 
A, (self audits) 
by the Quality 


Assurance 
Department. 


Electrostatic 
Discharge Control 


Procedures 


AMD fully employs 
static control procedures 
throughout 


its facilities. 


All manufacturing 
areas where product 
is processed 
or 


handled 
including 
our 
Reliability 
Labs, 
Engineering 


Labs, etc., have full static control 
such as wrist straps, 


antistatic 
smocks, grounded 
stainless 
steel tables, con- 


ductive 
mats and ion generators 
wherever 
necessary. 


All 
product 
is 
moved 
throughout 
our 
facilities 
and 


shipped to customers 
in static shielded 
containers. 


In addition, 
AMD 
distributors 
must 
demonstrate 
that 


they meet the same stringent 
standards 
regarding 
ESD 


handling 
and control procedures 
as the factory. 
Individ- 


ual distributor 
locations are audited and approved 
annu- 


ally by AMD's Quality Assurance 
Department. 


An ESD identifier 
is marked 
on all products 
per MIL- 


STD-883 
1.2.1 b (30). All shipping 
containers 
are la- 


beled with an ESD Caution 
Message. 
ESD procedures 


are continually 
reviewed, 
to ensure that our customers 


receive only the highest quality 
product from AMD. 


~IAMD 


~ITARY 
ORDERING INFORMATION 


AP~ Products 


AM 
products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Pro ucts List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: 


AT_ 
LEAD FINISH 
A = Hot Solder Dip 
X = Any Lead Finish 


PACKAGE TYPE 
K = 24 Lead 3/8" x 5/8" Cerpack 
L = 24 Lead 1/4" x 1 1/4" SKINNYDIP 
R = 20 Lead 1/4" xl 
1/6" DIP 
S = 20 Lead 1/4" x 1/2" Cerpack 
2 = 20 Terminal .350 x .350 LCC 
3 = 28 Terminal .450 x .450 LCC 


DEVICE CLASS 
M = Non-JAN level B product. processed to 


MIL-STD-883 


PART NUMBER INTERPRETATION: 
Whe~ ordering to Military Drawing numbers. the lead finish designator (last letter in part number) is commonly called out as 
"X." This is a way of stating that the customer will accept the standard manufacturer's lead finish for the package orders. "X" 
is not1alead finish designator in ~self. therefore, when product is shipped. the actual lead finish designator will be marked on 
the devices. 


Military 
AMD Part 
Military 
AMD Part 
Drawing 
Number 
Drawing 
Number 


81 03501 RA 
PAL1 OH8MJ/883B 
84129033A 
PAL20R6AMU883B 


81035012A 
PAL1 OH8MU883B 
8412903KA 
PAL20R6AMW/883B 


8103501SA 
PAL1 OH8MW/883B 
8412904LA 
PAL20R4AMJSI883B 


8103502RA 
PAL12H6MJ/883B 
84129043A 
PAL20R4AMU883B 


81035022A 
PAL12H6MU883B 
8412904KA 
PAL20R4AMW/883B 


8103502SA 
PAL 12H6MW/883B 
8412905LA 
PAL20L 
1OAMJS/883B 


8103503RA 
PAL14H4MJ/883B 
84129053A 
PAL20L 
1OAMU883B 


81035032A 
PAL14H4MU883B 
8412905KA 
PAL20L 
1OAMW 1883B 


8103503SA 
PAL14H4MW/883B 
8412906LA 
PAL20X8AMJS/883B 


8103504RA 
PAL16H2MJ/883B 
84129063A 
PAL20X8AMU883B 


81035042A 
PAL16H2MU883B 
8412906KA 
PAL20X8AMW/883B 


8103504SA 
PAL16H2MW/883B 
8412907LA 
PAL20X10AMJS/883B 


8103505RA 
PAL16C 
1MJ/883B 
84129073A 
PAL20X10AMU883B 


81035052A 
PAL16C1MU883B 
8412907KA 
PAL20X10AMWI883B 


8103505SA 
PAL16C1MW/883B 
8412908LA 
PAL20X4AMJS/883B 


8103506RA 
PAL1 OL8MJ/883B 
84129083A 
PAL20X4AMU883B 
81035062A 
PAL1 OL8MU883B 
8412908KA 
PAL20X4AMW/883B 


8103506SA 
PAL1 OL8MW/883B 
8412909LA 
PAL20L8A-2MJS/883B 


8103507RA 
PAL12L6MJ/883B 
84129093A 
PAL20L8A-2MU883B 


81035072A 
PAL12L6MU883B 
8412909KA 
PAL20L8A-2MW/883B 


8103507SA 
PAL12L6MW/883B 
8412910LA 
PAL20R8A-2MJS/883B 


8103508RA 
PAL14L4MJ/883B 
84129103A 
PAL20R8A-2MU883B 


81035082A 
PAL14L4MU883B 
8412910KA 
PAL20R8A-2MW/883B 


8103508SA 
PAL14L4MW/883B 
8412911LA 
PAL20R6A-2MJSI883B 


8103509RA 
PAL16L2MJ/883B 
84129113A 
PAL20R6A-2MU883B 
81035092A 
PAL 16L2MU883B 
8412911KA 
PAL20R6A-2MW/883B 


8103509SA 
PAL16L2MW/883B 
8412912LA 
PAL20R4A-2MJS/883B 


8103607RA 
PAL 16L8AMJ/883B 
84129123A 
PAL20R4A-2MU883B 
81036072A 
PAL16L8AMU883B 
8412912KA 
PAL20R4A-2MW/883B 


8103607SA 
PAL 16L8AMW/883B 
8506501RA 
PAL 16L8A-4MJ/883B 


8103608RA 
PAL 16R8AMJ/883B 
85065012A 
PAL 16L8A-4MU883B 


81036082A 
PAL16R8AMU883B 
8506501 SA 
PAL 16L8A-4MW/883B 


8103608SA 
PAL16R8AMW/883B 
8506502RA 
PAL 16R8A-4MJ/883B 


8103609RA 
PAL16R6AMJ/883B 
85065022A 
PAL16R8A-4MU883B 


81036092A 
PAL16R6AMU883B 
8506502SA 
PAL 16R8A-4MW/883B 


8103609SA 
PAL16R6AMW/883B 
8506503RA 
PAL 16R6A-4MJ/883B 


81 0361 ORA 
PAL16R4AMJ/883B 
85065032A 
PAL 16R6A-4MU883B 
81 0361 02A 
PAL 16R4AMU883B 
8506503SA 
PAL 16R6A-4MW/883B 
81 0361 OSA 
PAL16R4AMW/883B 
8506504RA 
PAL 16R4A-4MJ/883B 
8103612RA 
PAL 16R8A-2MJ/883B 
85065042A 
PAL 16R4A-4MU883B 
81036122A 
PAL 16R8A-2MU883B 
8506504SA 
PAL 16R4A-4MW/883B 


8103612SA 
PAL 16R8A-2MW/883B 
5962-8515501 
RA 
PAL 16L8BMJ/883B 
8103613RA 
PAL 16R6A-2MJ/883B 
5962-85155012A 
PAL 16L8BMU883B 
81036132A 
PAL 16R6A-2MU883B 
5962-8515501 
SA 
PAL 16L8BMW/883B 
8103613SA 
PAL 16R6A-2MW/883B 
5962-8515502RA 
PAL16R8BMJ/883B 
8103614RA 
PAL 16R4A-2MJ/883B 
5962-85155022A 
PAL16R8BMU883B 
81036142A 
PAL 16R4A-2MU883B 
5962-8515502SA 
PAL16R8BMW/883B 
8103614SA 
PAL 16R4A-2MW/883B 
5962-8515503RA 
PAL 16R6BMJ/883B 
8412901 
LA 
PAL20L8AMJS/883B 
5962-85155032A 
PAL 16R6BMU883B 
84129013A 
PAL2oL8AMU883B 
5962-8515503SA 
PAL16R6BMW/883B 
8412901KA 
PAL20L8AMW/883B 
5962-8515504RA 
PAL16R4BMJ/883B 
8412902LA 
PAL20R8AMJS/883B 
5962-85155042A 
PAL16R4BMU883B 
84129023A 
PAL20R8AMU883B 
5962-8515504SA 
PA116R4BMW/883B 
8412902KA 
PAL20R8AMW/883B 
5962-8515505RA 
PAL 16L8B-2MJ/883B 
8412903LA 
PAL20R6AMJS/883B 
5962-85155052A 
PAL 16L8B-2MU883B 


1.1I 
•• ~gll 
,..IVIU t'C1n 
Military 
AMD Part 
Drawing 
Number 
Drawing 
Number 


5962-8515505SA 
PAL 16L8B-2MW/883B 
5962-8680401 
KA 
PAL 18L4MW/883 


5962-8515506RA 
PAL 16R8B-2MJ/883B 
5962-8680402LA 
PAL12L 1OMJS/883B 


5962-85155062A 
PAL 16R8B-2MU883B 
5962-86804023A 
PAL 12L1 OMU883B 


5962-8515506SA 
PAL 16R8B-2MW/883B 
5962-8680402KA 
PAL 12L 1OMW /883B 


5962-8515507RA 
PAL 16R6B-2MJ/883B 
5962-8680403LA 
PAL 14L8MJS/883B 


5962-85155072A 
PAL 16R6B-2MU883B 
5962-86804033A 
PAL14L8MU883B 


5962-8515507SA 
PAL 16R6B-2MW/883B 
5962-8680403KA 
PAL14L8MW/883B 


5962-8515508RA 
PAL 16R4B-2MJ/883B 
5962-8680404LA 
PAL16L6MJS/883B 


5962-85155082A 
PAL 16R4B-2MU883B 
5962-86804043A 
PAL16L6MU883B 


5962-8515508SA 
PAL 16R4B-2MW/883B 
5962-8680404KA 
PAL16L6MW/883B 


5962-8515509RA 
PAL 16L8DMJ/883B 
5962-8680405LA 
PAl20l2MJS/883B 


5962-85155092A 
PAL 16L8DMU883B 
5962-86804053A 
PAl20l2MU883B 


5962-8515509SA 
PAL 16L8DMW/883B 
5962-8680405KA 
PAL20l2MW/883B 


5962-851551 
ORA 
PAL16R8DMJ/883B 
5962-8680406LA 
PAl20C 
1MJS/883B 


5962-85155102A 
PAL16R8DMU883B 
5962-86804063A 
PAl20C1 
MLI883B 


~962-851551 
OSA 
PAL 16R8DMW/883B 
5962-8680406KA 
PAL20C1 
MW/883B 


962-8515511 
RA 
PAL 16R6DMJ/883B 
5962-8753001 
LA 
PAL20S 
1OMJS/883B 


962-85155112A 
PAL 16R6DMU883B 
5962-87530013A 
PAL20S10MU883B 


~962-8515511 
SA 
PAL 16R6DMW/883B 
5962-8753001 
KA 
PAL20S10MW/883B 


962-8515512RA 
PAL 16R4DMJ/883B 
5962-8753002LA 
PAL20RS 
1OMJS/883B 


r62-85155122A 
PAL 16R4DMU883B 
5962-87530023A 
PAL20RS10MU883B 


962-8515512SA 
PAL 16R4DMW/883B 
5962-8753002KA 
PAL20RS10MW/883B 


962-85155132A 
PAL 16L8-121B2A 
5962-8753003LA 
PAl20RS8MJS/883B 


1'962-8515513RA 
PAL16L8-121BRA 
5962-87530033A 
PAl20RS8MLI883B 


1'962-85155142A 
PAL 16R8-1 2/B2A 
5962-8753003KA 
PAL20RS8MW/883B 


5962-8515514RA 
PAL16R8-12/BRA 
5962-8753004LA 
PAl20RS4MJS/883B 


5962-85155152A 
PAL16R6-121B2A 
5962-87530043A 
PAl20RS4MU883B 


5962-8515515RA 
PAL 16R6-1 2/BRA 
5962-8753004KA 
PAL20RS4MW/883B 


5962-85155162A 
PAL16R4-12/B2A 
5962-8767101 
LA 
PAL20L8BMJS/883B 


5962-8515516RA 
PAL16R4-12IBRA 
5962-87671013A 
PAL20L8BMU883B 


5962-85155172A 
PAL16L8-10/B2A 
5962-8767101 
KA 
PAL20L8BMW/883B 


5962-8515517RA 
PAL16L8-10/BRA 
5962-8767102LA 
PAL20R8BMJS/883B 


r62-85155182A 
PAL 16R8-1 01B2A 
5962-87671023A 
PAL20R8BMU883B 


962-8515518RA 
PAL 16R8-1 O/BRA 
5962-8767102KA 
PAL20R8BMW/883B 


962-85155192A 
PAL16R6-10/B2A 
5962-8767103LA 
PAl20R6BMJS/883B 


r62-8515519RA 
PAL16R6-10IBRA 
5962-87671033A 
PAL20R6BMU883B 


962-85155202A 
PAL16R4-1 
0/B2A 
5962-8767103KA 
PAL20R6BW/883B 


962-8515520RA 
PAL16R4-10/BRA 
5962-8767104LA 
PAl20R4BMJS/883B 


5962-8605301 
LA 
AmPAL22V10AIBLA 
5962-87671043A 
PAL20R4BMU883B 


S962-860530 
13A 
AmPAL22V10AlB3A 
5962-8767104KA 
PAL20R4BMW/883B 


S962-8605301 
KA 
AmPAL22V10AIBKA 
5962-8767107LA 
PAL20L8-15/BLA 


5962-8605302LA 
AmPAL22V10IBLA 
5962-87671073A 
PAL20L8-15/B3A 


5962-86053023A 
AmPAL22V10/B3A 
5962-8767108LA 
PAL20R8-15/BLA 


5962-8605302KA 
AmPAL22V10IBKA 
5962-87671083A 
PAl20R8-151B3A 


5962-8605304LA 
PAL22V10-20/BLA 
5962-8767109LA 
PAL20R6-15IBLA 
~~~~~:~~~~~:~~ 


PAL22V10-20/B3A 
5962-87671093A 
PAL20R6-151B3A 


PAL22V10-20/BKA 
5962-8767110LA 
PAl20R4-15IBLA 


5P62-88063053A 
PAL22V10-121B3A 
5962-87671103A 
PAL20R4-151B3A 


5P62-8605305KA 
PAL22V10-121BKA 
5962-8767111 
LA 
PAL20L8-121BLA 


5962-8605305LA 
PAL22V10-121BLA 
5962-87671113A 
PAl20L8-121B3A 


5~62-8680301 
LA 
PAL20RA 
1OMJS/883B 
5962-8767112LA 
PAL20R8-12IBLA 


5~62-868030 
13A 
PAL20RA 
1OMU883B 
5962-87671123A 
PAL20R8-121B3A 
5 
62-8680301 
KA 
PAL20RA 
1OMW/883B 
5962-8767113LA 
PAl20R6-12IBLA 


5~62-8680401 
LA 
PAL 18L4MJS/883B 
5962-87671133A 
PAL20R6-121B3A 


5$62-86804013A 
PAL 18L4MU883B 
5962-8767114LA 
PAL20R4-12/BLA 


Military 
AMD Part 
Military 
AMD Part 
Drawing 
Number 
Drawing 
Number 


5962-87671143A 
PAL20R4-12/B3A 
5962-8983902RA 
PALCE16V8H-20E4IBRA 


5962-8767115LA 
PAL20L8-10/BLA 
5962-89839032A 
PALCE 16V8H-15E4IB2A 


5962-87671153A 
PAL20L8-10/B3A 
5962-8983903RA 
PALCE16V8H-15E4IBRA 


5962-8767116LA 
PAL20R8-1 
O/BLA 
5962-89840013A 
PALCE20V8H-25E4IB3A 


5962-87671163A 
PAL20R8-10/B3A 
5962-8984001 
LA 
PALCE20V8H-25E4IBLA 


5962-8767117LA 
PAL20R6-1 
OIBLA 
5962-89840023A 
PALCE20V8H-20E4IB3A 


5962-87671173A 
PAL20R6-1 
0/B3A 
5962-8984002LA 
PALCE20V8H-20E4IBLA 


5962-8767118LA 
PAL20R4-1 
O/BLA 
5962-89840033A 
PALCE20V8H-15E4IB3A 


5962-87671183A 
PAL20R4-1 
0/B3A 
5962-8984003LA 
PALCE20V8H-15E4IBLA 


5962-8851501 
RA 
PAL 16L8B-4MJ/883B 
5962-89841013A 
PALCE22V10H-30IB3A 


5962-88515012A 
PAL 16L8B-4MU883B 
5962-8984101 
KA 
PALCE22V10H-30IBKA 


5962-8851501 
SA 
PAL 16L8B-4MW/883B 
5962-8984101 
LA 
PALCE22V10H-30IBLA 


5962-8851502RA 
PAL 16R8-4MJ/883B 
5962-89841023A 
PALCE22V10H-20E4/B3A 


5962-88515022A 
PAL 16R8B-4MU883B 
5962-8984102KA 
PALCE22V10H-20E4IBKA 


5962-8851502SA 
PAL 16R8B-4MW/883B 
5962-8984102LA 
PALCE22V10H-20E4IBLA 


5962-8851503RA 
PAL 16R6B-4MJ/883B 
5962-89841043A 
PALCE22V10H-25IB3A 
5962-88515032A 
PAL 16R6B-4MU883B 
5962-8984104KA 
PALCE22V10H-25IBKA 
5962-8851503SA 
PAL 16R6B-4MW/883B 
5962-89841 
04LA 
PALCE22V10H-25IBLA 
5962-8851504RA 
PAL 16R4B-4MJ/883B 
5962-89841053A 
PALCE22V10H-15E4IB3A 
5962-88515042A 
PAL 16R4B-4MU883B 
5962-8984105KA 
PAL.CE22V10H-15E4IBKA 


5962-8851504SA 
PAL 16R4B-4MW/883B 
5962-8984105LA 
PALCE22V10H-15E4/BLA 
5962-89839012A 
PALCE16V8H-25E4/B2A 
5962-9169501 
M3A 
PALCE610H-20IB3A 
5962-8983901 
RA 
PALCE 16V8H-25E4IBRA 
5962-9169501 
MLA 
PALCE610H-20IBLA 
5962-89839022A 
PALCE 16V8H-20E4/B2A 


M!ilitary ProPAL ™ 
Devices 


ThF Advantages 


An !'mportant 
service 
that AM D's Programmable 
Logic 


Div sion offers is ProPAL devices, the programming 
of a 


cus omer's 
PAL devices 
during the manufacturing 
cy- 


cle, saving 
aerospace 
customers 
significant 
time and 


morey. 
We offer full 883, SMD, programmed 
products. 
Not only were we the first to offer this service, we by far 
havr the most expertise 
in managing 
your programmed 


business, 


The pre-programming 
of PAL devices 
for the customer 


offe s a number of advantages, 
most of which increase 


the parts' 
reliability. 
Unlike 
a blank generic 
device, 
a 


profAL 
device 
undergoes 
a more 
thorough 
testing 


proqess. 
Listed 
below 
are 
just 
a few 
of the 
many 


advantages. 


Enhanced 
Reliability 


• 
In the design 
environment, 
the pattern 
undergoes 


f~UIt simulation 
with> 
90% 
coverage, 
providing 
a 


High testability. 
(Some 
patterns 
do not allow 90% 
ffult 
coverage. 
In those cases the customer 
will be 


'lOtified. ) 


• 
-rhe parts 
are programmed 
prior to burn-in; 
weak 
parts are likely to fail to accept a program 
and be re- 
j~cted on the sPOt: 


• 
Flrogrammed 
deVices 
then 
must 
pass 
25°C 
DC, 
functional 
and AC electrical tests prior to burn-in and 


0jC, functional 
and AC electrical 
tests after burn-in, 
a temperature 
extremes, 
per M5004. 


Although 
the price of the Pro PAL device 
is higher than 


that of its unprogrammed 
counterpart, 
the added value 


provided 
to the user more than offsets the cost. In this 


era of cost-cutting 
and the need to get the most from 


each dollar spent, ProPAL devices 
make it possible 
for 


the customer 
to save money over the life of the project. 


Below 
are just a few examples 
of where 
cost savings 


can be recognized. 


Cost Reduction 
Areas: 


• 
The 
more thorough 
testing 
significantly 
increases 


the long term reliability of the device. System failures 
and resulting rework costs, owing to a defective 
PAL 


device, can easily be 50 times the purchase 
price of 


the component. 


• 
The customer 
does not have to purchase 
and main- 


tain costly 
programming 
and test facilities. 
He can 


concentrate 
on what he does best. .. design systems 


to aid in defense 
of our nation and allow AMD to do 


what we do best ... produce 
and test Programmable 


Logic Devices. 


• 
As volumes 
go up, the customer's 
production 
line 


won't be constrained 
by his programming 
and label- 
ing capacities 
or throughput 
time. 


• 
Inventories 
can be reduced. The customer 
no longer 


needs to store extra product for programming 
fall-out 


or human error. 


• 
Improve 
lead time of manufacturing. 
The customer 


will no longer 
need to plan on internal 
time to pro- 


gram or label devices. 


ProPAL 
Device 
Flow 
for Products 
with 
Existing 


Mil Shell 
Programs 


MarketlnglSalea 
Receives Masters (Programmed devices, Floppy disk or 
Mag tape) from customer and fO/wards them 


to Spee Writing. 


I 


Spec Writing 
Prepares and submits documentation 
packet to engineering. 
Packet contains PICS, master and blanks. 


Initiates Process Spec. 


I 
I 


Engineering 
Generates prototypes, fuse file and post functional tests on 


Auto Vee'•. 


I 


Spec Writing 
Sends prototypes and Approval form to customer via Sales. 


I 


Customer 
Verifies prototypes and returns Approval form to AMD. 


I 


Spec Writing 
Checks Approval form for customer acceptance 
of prototypes. 


I 
( 


NO 


Accept 


I YES 


Engineering 
Reviews and completes documentation 
packel. 


Release bit pattern and test programs to Production. 


I 


Spec Wrltlng/QA 
Reviews and releases Process Spec to Production. 


AMD~ 


Military Programming Process Summary 


(per current 
Revisions 
of MiI-Std-BB3 
and Mil-M-3B510) 


Assembly 


Initial Electrical 
Test 
(25°C) 


Electrical 
Test 
(25°C) 


PDA 


Solder Dip 


Mark 


Lot B Test 


Electrical 
Test 
(+ 125°C &-55°C) 


External Visual 
Data Review/Pack/Ship 


100% program 
to 


customer 
bit pattern 


- 
100% DC/FunctionaVAC 
at 25°C, M5004 


- 
Method 
1015, Condition 


CorD 


100% DC/FunctionaVAC 
at 25°C per M5004 


- 
Group A DC/Functional/ 
AC at 25°C per M5005 


- 
5% (DC only) 


- 
Resistance 
to solvents, 


solderability, 
bond pull 


- 
M5005 


- 
100% DC/FunctionaV 
AC, M5004 


- 
Group A DC/Functional/ 
AC, M5005 


- 
100% Fine/Gross 
Leak 


per Method 
1014 


- 
Method 2009 


AMD is the proven 
technology 
leader 
in PAL devices 


and has numerous 
years of experience 
in programming 


customer 
patterns. 
Currently 
several 
major customers 


are using ProPAL devices 
and several 
major programs 


are being converted 
to ProPAL 
devices. 
Factory 
pro- 


gramming 
of your PAL device products 
is another serv- 


ice of the 
Military 
Programmable 
Logic's 
long-term 


partnership 
with and commitment 
to the worldwide 
Mili- 


tary and Aerospace 
market. 
For more 
information 
on 


Military 
ProPAL 
devices 
contact 
your local AMD sales 


office. 


Parameter 
Symbol 
Parameter Name 
Parameter Definition 


TimIng 


tAPR 
Asynchronous 
Preset Recovery 
Time 
The minimum 
time after the asynchronous 


preset becomes 
inactive to the next input clock 


triggering 
edge. 


ItAPW 
Asynchronous 
Preset Width 
The minimum 
pulse width required 
for the 


asynchronous 
preset signal. 


I tH 
Hold Time 
The minimum 
time a valid data level is held 


after clock triggering 
edge. 


tHP 
Hold Time for Preload 
The minimum 
delay time for data to remain 


stable after the preload 
signal becomes 
inactive. 


This only applies to TTL-Ievel 
preload. 


[tSRR 
Synchronous 
Reset Recovery 
Time 
The minimum 
time between 
the synchronous 


reset going inactive and the next input clock 
triggering 
edge. 


ts 
Setup Time, Input or Feedback 
to Clock 
The minimum 
time a valid data level of input or 


feedback 
is stable before the next clock 


triggering 
edge. 


tsp 
Data Setup Time for Preload 
The minimum 
time for input data to be stable 


prior to the preload 
signal becoming 
inactive. 


This only applies to TTL-Ievel 
preload. 


tWH 
Clock Width High 
The minimum 
width of the clock high from rising 


edge to the next falling edge. In some cases, 
simultaneous 
minimum 
clock widths 
(both high 


and low) will exceed the minimum 
period of the 


device. 


tWl 
Clock Width Low 
The minimum 
width of the clock low from falling 


edge to the next rising edge. In some cases, 


I 


simultaneous 
minimum 
clock widths 
(both high 


and low) will exceed the minimum 
period of the 


device. 


twP 
Preload 
Pulse Width 
The minimum 
pulse width required 
to preload the 


registers. 
This only applies to TTL-Ievel 
preload. 


tAP 
Asynchronous 
Preset to Output 
The maximum 
time required 
to preset the 


register output after the preset signal is asserted. 


tAR 
Asynchronous 
Reset to Output 
The maximum 
time required to reset the register 


output after the reset signal is asserted. 


Parameter 
Symbol 
Parameter 
Name 
Parameter 
Definition 


Timing 


tco 
Clock to Register 
Output 
The maximum 
time it takes to obtain a valid data 


level on the output pin after an input clock 
triggering 
edge is applied. 


tCR 
Input or Feedback 
to Registered 
The minimum 
time from input or feedback 
to 
Output from Combinatorial 
registered 
output as output mux selection 
changes 
Configuration; 
Output 
Mux Select 
from combinatorial 
to registered 
output 
1 to 0). 
1 to 0 


tEA 
Output 
Enable Time, Clock to Output 
The minimum 
delay between 
when an input is 


asserted 
and the output switches 
from a high- 


impedance 
state to HIGH or LOW logic state. 


tER 
Output 
Disable Time, Input to Output 
The minimum 
delay between 
when an input is 


asserted 
and the output switches 
from a HIGH or 


LOW logic state to a high-impedance 
state. 


tF 
Fall Time 
The minimum 
time for a signal to fall from 80% to 


20% of its stabilized 
high value. 


tpo 
Propagation 
Delay, Input or Feedback 
The time for a signal to propagate 
from input or 
to Combinatorial 
Output 
feedback 
to output. 


tPR 
Power-up 
Reset Time 
The minimum 
time for a registered 
output signal to 


be reset after the power is applied. 


tpxz 
Output 
Disable Time, OE to Output 
The minimum 
delay between 
when a dedicated 


enable signal is asserted 
and the output switches 


from a HIGH or LOW logic state to be a high- 
impedance 
state. 


tpzx 
Output 
Enable Time, OE to Output 
The minimum 
delay between 
when a dedicated 


enable signal is asserted 
and the output switches 


from a high-impedance 
state to a HIGH or LOW 


logic state. 


tR 
Rise Time 
The minimum 
time for a signal to rise from 20% to 


80% of ils stabilized 
high value. 


tRC 
Input or Feedback 
to Combinatorial 
The minimum 
time from input or feedback 
to 
Output from Registered 
Configuration; 
combinatorial 
output mux selection 
changes 
from 
Output 
Mux Select 0 to 1 
registered 
to combinatorial 
output (0 to 1). 


Voltage 


Vcc 
Supply Voltage, 
Positive 
Potential 
The voltage 
required 
across supply and ground 


terminals 
of a TTL or CMOS 
integrated 
circuit. 


VI 
Input Clamp Voltage 
The maximum 
input clamp voltage 
limit on every 
input pin. 


VIH 
High-Level 
Input 
Voltage 
The minimum 
high-level 
input voltage 
that is 


guaranteed 
to represent 
a high logic level. 


VIL 
Low-Level 
Input Voltage 
The maximum 
low-level 
input voltage that is 


guaranteed 
to represent 
a low logic level. 


VQH 
High-Level 
Output Voltage 
The minimum 
high logic level guaranteed 
for all outputs. 


VOL 
Low-Level 
Output Voltage 
The minimum 
low logic level guaranteed 
for all outputs. 
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C~rrent 


Icc 
Supply Current, 
Corresponding 
to Vcc 
The maximum 
current 
into the Vcc terminal 
of a 


TIL 
or CMOS integrated 
circuit. 


II 
Input Current with Maximum 
Input 
The maximum 
current 
into an input pin when the 
Voltage 
input voltage 
is applied to the input pin. 


I 


hH 
High-Level 
Input Current 
The maximum 
current 
into an input pin when a logic- 


high level is applied to the input pin. 


IlL 
Low-Level 
Input Current 
The maximum 
current 
into an input pin when a Iogic- 


low level is applied to the input pin. 


IIOH 
High-Level 
Output Current 
The maximum 
current 
into an output pin to 


guarantee 
an output logic-high 
level. 


IOL 
Low-Level 
Output Current 
The maximum 
current 
into an output pin to 


guarantee 
an output logic-low 
level. 


IISC 
Output 
Short-Circuit 
Current 
The current 
into an output when that output is 


short-circuited 
to ground 
(0.5 V). 


IloZH 
High-Level 
Leakage 
Current 
The maximum 
current 
into a high-impedance 
state 


output pin when a high logic level is applied to the 
output pin. 


I lOlL 
Low-Level 
Leakage 
Current 
The maximum 
current 
into a high-impedance 
state 


output pin when a low logic level is applied to the 
output pin. 


MISFellaneous 


CIN 
Input Capacitance 
The input pin capacitance 
at a specified 
voltage 
and 


frequency. 


COLrr 
Output Capacitance 
The output or I/O pin capacitance 
at a specified 


voltage and frequency. 


TA 
Operating 
Free Air Temperature 
The ambient 
homogeneous 
temperature 
of the 


environment 
during operation. 


Tc 
Operating 
Case Temperature 
The maximum 
chassis temperature 
during operation. 


fMAX 
Maximum 
External 
Frequency 
The fMAx, Externalis the maximum 
clocking 
frequency 


with external 
feedback. 
It is the reciprocal 
of the clock 


period (ts +tco). 


~MAX 
Maximum 
Internal 
Frequency 
The fMAx, Internalis the maximum 
clocking 
frequency 


with internal feedback. 
An internal counter 
is used to 


determine'lcNT." 


(MAX 
Maximum 
Frequency 
without 
The fMAx, NoFeedbackis the maximum 
clocking 
frequency 
Feedback 
with no feedback. 
It is the reciprocal 
of the sum of the 


I 
data setup time (ts) and the data hold time (th). 


The parameter fMAXis the maximum clock rate at which 
the device is guaranteed to operate. Because the flexi- 
bility inherent in programmable 
logic devices offers a 


choice of clocked flip-flop designs, fMAXis specified for 
three types of synchronous 
designs. 


The first type of design is a state machine with feedback 
signals sent off-ehip. This external feedback could go 
back to the device inputs, or to a second device in a 
multi-ehip state machine. The slowest path defining the 
period is the sum of the clock-to-output 
time and the in- 


put setup time for the external signals (ts + too). The re- 
ciprocal, fMAX,is the maximum frequency with external 
feedback or in conjunction with an equivalent speed de- 
vice. This fMAXis designated 
"fMAXexternal." 


The second type of design is a single-chip 
state ma- 
chine with internal feedback only. In this case, flip-flop 
inputs are defined by the device inputs and flip-flop out- 
puts. Under these conditions, the period is limited by the 
internal delay from the flip-flop outputs through the inter- 


nal feedback and logic to the flip-flop inputs. This fMAXis 
designated "fMAXinternal". A simple internal counter is a 
good example of this type of design, therefore, this pa- 
rameter is sometimes called "fCNT." 


The third type of design is a simple data path applica- 
tion. In this case, input data is presented to the flip-flop 
and clocked through; no feedback is employed. 
Under 


these conditions, the period is limited by the sum of the 
data setup time and the data hold time (ts + tH). How- 
ever, a lower limit for the period of each fMAXtype is the 
minimum clock period (twH +tWL).Usually, this minimum 
clock period determines 
the period for the third fMAX, 


designated ''fMAXno feedback." 


fMAXexternal and fMAXno feedback are calculated pa- 
rameters. fMAXextemal is calculated from ts and tco. and 
fMAXno feedback is calculated from tWLand tWH.fMAXin- 
ternal is measured. 
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Basic Design with PLDs 


~ 
Advanced 
Micro 
Devices 


INTRODUCTION 


The 
Programmable 
Array 
Logic 
device, 
commonly 


known 
as the PAL device, 
was invented 
at Monolithic 


Memories 
in 1978. The concept 
for this revolutionary 


type of device 
sprang 
forth as a simple 
solution 
to the 


short comings 
of discrete 
TTL logic. 


The 
successfully 
proven 
PROM 
technology 
which 


allowed 
the end user to "write on silicon" 
provided 
the 


technological 
basis which 
made this kind of device 
not 


only possible, 
but very popular 
as well. 


The availability 
of design software 
made it much easier 


to design with programmable 
logic. As designers 
were 


freed 
from 
the 
drudgery 
of low-level 
implementation 


issues, new complex 
designs were easierto 
implement, 
and could be completed 
more quickly. 


This chapter 
outlines 
some basic information 
essential 


to those who are unfamiliar 
with Programmable 
Logic 


devices 
(PLDs). The information 
may also be useful to 


those who are current users of programmable 
logic. The 


specific 
issues which 
need to be addressed 
are: 


• 
What is a PLD? 


• 
What other implementations 
are possible? 


• 
What advantages 
do PLDs have over other 


implementations? 


WHAT IS A PLD? 


In general, 
a programmable 
logic 
device 
is a circuit 


which can be configured 
by the user to perform 
a logic 


function. 
Most "standard" 
PLDs consist of an AND array 


followed 
by an OR array, 
either 
(or both) of which 
is 


programmable. 
Inputs are fed into the AN D array, which 


performs 
the 
desired 
AND 
functions 
and 
generates 


product terms. The product 
terms are then fed into the 


OR array. 
In the OR array, the outputs 
of the various 


product 
terms 
are combined 
to produce 
the desired 


outputs. 


PAL Devices 


The 
PAL 
device 
has 
a 
programmable 
AND 
array 


followed 
by a fixed OR array (Figure 1). The fact that the 


AND array 
is programmable 
makes 
it possible 
for the 


devices to have many inputs. The fact that the OR array 
is fixed 
makes 
the devices 
small 
(which 
means 
less 


expensive) 
and fast. 


WHAT OTHER IMPLEMENTATIONS 
ARE 


POSSIBLE? 


There are essentially 
four alternatives 
to programmable 


logic: 


• 
Discrete Logic 


• 
Gate Arrays 


• 
Standard 
Cell Circuits 


• 
Full Custom 
Circuits 


Discrete Logic 


Discrete 
logic, 
or 
conventional 
TTL 
logic, 
has 
the 


advantage 
of familiarity; 
hence 
its popularity. 
It is also 


quite inexpensive 
when only unit cost is considered. 
The 


drawback 
is that the implementation 
of even a simple 


portion of a system 
may require many units of discrete 


logic. There are "hidden" costs associated 
with each unit 


that goes into a system, 
which 
can render 
the overall 


system 
more expensive. 


Designing 
with discrete 
chips can also be very tedious. 


Each design 
decision 
directly 
affects 
the layout of the 


board. Changes 
are difficult to make. The design is also 


more difficult 
to document, 
making 
it harder 
to debug 


and maintain 
later. These 
items all contribute 
to a long 


design cycle when discrete 
chips are used eX1ensively. 


Gate Arrays 


Gate 
arrays 
have 
been 
increasing 
in popularity. 
The 


attractiveness 
of 
this 
solution 
lies 
in 
the 
device's 


flexibility. 
By packing 
the functions 
into the device, 
a 


great majority 
of the available 
silicon 
is actually 
used. 


Since such a device is customized 
for an application, 
it 


would 
seem 
to 
be 
the 
optimum 
device 
for 
that 


application. 


However, one also pays substantial 
development 
costs, 


especially 
in the case of a design which needs changes 


after silicon has already 
been processed. 
Even though 


the unit costs are generally 
quite low for gate arrays, the 


volumes required to make their use worthwhile 
excludes 


them as a solution for many designers. 
This fact, added 


to the long design cycle and high risk involved, 
make this 


solution practical for only a limited number of designers. 
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Standard Cell Circuits 


Standard cell circuits are quite similar to gate arrays, 
thei~ main advantage being that they consist of a 
COlllctionof different parts of circuits which have 
alre~dy been debugged. 
These circuits are then 


assembled 
and collected to 
perform the desired 


functions. This can ideally lead to reduced turn around 
froll) conception to implementation, and a much more 
effic'ent circuit. 


The drawback is that even though the individual 
comp~>nentsof the circuit have been laidout. acomplete 
layopt must still be performed to arrange the cells. 
Ins3ad of just customizing the metal interconnections, 
as i done in a gate array, the circuit must be developed 
fro 
the bottom up. Development costs can be even 


highbrthan for gate arrays, and despitethe standard cell 


concept, turn around time often tends to be longer than 
planned. Again, the volume must be sufficiently high to 
warrant the development costs. 


Full Custom Circuits 


Full custom designs require that a specific chip be 
designed from scratch to perform the needed functions. 
The intent is to provide a solution which gives the 
designer exactly what is needed for the application in 
question; no more and no less. Ideally, not a square 
micron of silicon is wasted. This normally results in the 
smallest piece of silicon possible to fit the needs of the 
design, which 
in turn 
reduces the 
system cost. 


Understandably, though, development costs and risks 
for such a design are extremely high, and volumes must 
be commensurately high in order for such a solution to 
be of value. 


WHAT ADV ANT AG ES DO PLDS HAVE 
OVER OTHER IMPLEMENTATIONS? 


As 
user-programmable 
semicustom 
circuits, 
PLDs 


provide 
a valuable 
compromise 
which combines 
many 


of the benefits of discrete 
logic with many of the benefits 


of other 
semicustom 
circuits. 
The overall 
advantages 


can be found in several 
areas: 


• 
Ease of design 


• 
Performance 


• 
Reliability 


• 
Cost savings 


Ease of Design 


The support 
tools 
available 
for use in designing 
with 


PLDs greatly simplify the design process by making the 
lower-level 
implementation 
details 
transparent. 
In a 


matter 
of one or two hours, a first time 
PLD user can 


leam 
to design 
with 
a PAL device, 
program 
it, and 


implement 
the design 
in a system. 


The design support tools consist of design software 
and 


a 
programmer. 
The 
design 
software 
is 
used 
in 


generating 
the 
design; 
the 
programmer 
is used 
to 


configure 
the device. 
The software 
provides 
the 
link 


between 
the 
higher-level 
design 
and 
the 
low-level 


programming 
details. 


All of the available 
design 
software 
packages 
perform 


essentially 
the same tasks. The design is specified 
with 


relatively 
high-level 
constructs; 
the software 
takes the 


design and converts 
it into a form which the programmer 


uses to configure 
the 
PLD. 
Most 
software 
packages 


provide 
logic simulation, 
which allows one to debug the 


design 
before 
actually 
programming 
a device. 
The 


high-level 
design 
file also serves as documentation 
of 


the design. 
This documentation 
can be even easier to 


understand 
than traditional 
schematics. 


Many PLD users do not find it necessary 
to purchase 
a 


programmer; 
it 
is 
often 
quite 
cost 
effective 
and 


convenient 
to 
have 
either 
the 
manufacturer 
or 
an 


outside 
distributor 
do the programming 
for them. 
For 


design and prototyping, 
though, 
it is very helpful to have 


a programmer; 
this 
allows 
one to implement 
designs 


immediately. 


The 
convenience 
of programmable 
logic 
lies 
in the 


ability 
to customize 
a standard, 
off-the-shelf 
product. 


PLDs can be found in stock to suit a wide range of speed 
and power 
requirements. 
The variety 
of architectures 


available 
also allows a choice of the proper functionality 


for the 
application 
at hand. 
Thus, 
a design 
can 
be 


implemented 
using 
a standard 
device, 
with 
the 
end 


result 
essentially 
being 
a custom 
device. 
If a design 


change is needed, it is a simple matterto 
edit the original 


design and then program a new device, or, in the case of 
reprogram mabie CMOS devices, 
erase and reprogram 


the old device. 


Board 
layout 
is 
vastly 
simplified 
with 
the 
use 
of 


programmable 
logic. 
PLDs offer great flexibility 
in the 


location 
of inputs 
and 
outputs 
on the 
device. 
Since 


larger functions 
are implemented 
inside the PLD, board 


layout can begin once the inputs and outputs are known. 
The details of what will actually be inside the PLD can be 
worked 
out independently 
of the layout. 
In any cases, 


any 
needed 
design 
changes 
can 
be taken 
care 
of 


entirely within the PLD, and will not affect the PC board. 


Performance 


Speed 
is one of the main reasons 
that designers 
use 


PAL devices. 
The 
PAL devices 
can provide 
equal 
or 


better 
performance 
than 
the 
fastest 
discrete 
logic 


available. 
Today's 
fastest 
PAL 
devices 
are 
being 


developed 
on the newest 
technologies 
to gain 
every 


extra nanosecond 
of performance. 


Performance 
cannot 
come 
strictly 
at the 
expense 
of 


power consumption. 
Since PLDs can be used to replace 


several 
discrete 
circuits, 
the power 
consumption 
of a 


PLD may well be less than that of the combined 
discrete 


devices. 
As 
more 
PLDs 
are 
developed 
in 
CMOS 


technology, 
the option for even lower power 
becomes 


available, 
including 
zero 
standby 
power 
devices 
for 


systems which can tolerate 
only minute standby 
power 


consumption. 


Reliability 


Reliability 
is an area of increasing 
concern. 
As systems 


get larger and more complex, the increase 
in the amount 


of circuitry 
tends to reduce the reliability 
of the system; 


there 
are "more things 
to go wrong." 
Thus, 
a solution 


which 
inherently 
reduces 
the 
number 
of chips 
in the 
system 
will 
contribute 
to 
higher 
reliability. 
A 


programmable 
logic 
approach 
can 
provide 
a 
more 


reliable 
solution 
due to the smaller 
number 
of devices 


required. 


With the reduction 
in units and board space, PC boards 


can be laid out less densely, 
which greatly improves 
the 
reliability of the board itself. This also reduces crosstalk 
and 
other 
potential 
sources 
of 
noise, 
making 
the 


operation 
of the system cleaner 
and more reliable. 
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CO t 


Forla~y design. approach 
to be practical, 
it must be cost 


eff[tlve: 
Cost IS alr11?stalways a factor in considering 
a 


ne 
design 
or a design change. 
But, the calculation 
of 


tota system cost can be misleading 
if not all aspects are 


con 
ide red. Many of the costs can be elusive or difficult 


to l1Jeasure. For example, 
it is difficult 
to quantify 
the 


cost 
of 
market 
share 
lost 
due 
to 
late 
product 


intr6duction. 


The greatest 
savings 
over discrete 
design 
are derived 


from 
the fact that 
a single 
PLD can 
replace 
several 


discrete chips. Board space requirements 
can drop 25% 


or more when PLDs are used. The relationship 
between 


the various 
alternatives 
is summarized 
in Figure 2. 
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Another economic benefit of the use of PLDs is that 
when one PAL device is used in several different 
designs, as is often the case, the user has not 
committed that device to anyone 
of the particular 


designs until the device has been programmed. This 
means that inventory can be stocked for several 
different designs 
in the form of one device. As 


requirements change, the parts can be programmed to 
fit the need. And in the case of reprogrammable CMOS 
devices. one is not committed even after programming. 


One final subtle cost issue is derived from the ease with 
which a competitor can copy a design. PLDs have a 
unique feature called a security bit, whose purpose isto 
protect a design from being copied. By using secured 
PLDs extensively in a system, one can safely avoid 
having one's system easily deciphered. The added 
design security provided by this feature can buy extra 
market time, forcing competitors to do their own original 
design work rather that copying the designs of others. 


Summary 


Programmable logic provides the means of creating 
semi-custom designs with readily available standard 
components. There is a wide variety of PLDs; PAL 
devices are mostwidely used, and performwell for basic 
logic and some sequencing functions. 


By assuming some of the attributes of gate arrays, 
programmable logic provides the cost savings of any 
other semicustom device, without the extra engineering 
costs, risks, and design delays. Reliability is also 
enhanced as quality increases and board complexity 
decreases. 


The design tasks are greatly simplified due to the design 
tools which are now available. Design software and 
device programmers allow top-down high-level designs 
with a minimum of time spent on actual implementation 
issues. Simulation allows some design debug before a 
device is programmed. 


For all of these reasons, programmable logic has 
become, 
and 
will 
continue 
to 
be, 
the 
design 


methodology 
of 
choice 
among 
digital 
systems 


designers. 


PLD Design Basics 


This section 
is intended 
as a beginner's 
introduction 
to 


PLD design, 
although 
experienced 
users may find it a 


goo 
review. 
We will 
take 
a step-by-step 
approach 


through 
two very 
simple 
designs 
to demonstrate 
the 


basic PLD design implementation 
process. Through this 


effort, you will be introduced 
to the concept 
of device 


prog amming. 


By' 
eginner," 
we mean 
a logic designer 
who 
is just 


beg~. ning to use programmable 
logic. You may have a 
lot 0 experience 
with discrete 
digital logic, or you may 


hav 
just graduated 
from college. 
We assume 
a basic 


und~rstanding 
of 
digital 
logic. 
Some 
computer 


exp 
rience is helpful, 
but not essential. 


We 
ill take no significant 
shortcuts 
for these examples, 


eve'l though there may be times when we could. In this 
way,1 you can gain 
a better 
understanding 
of exactly 
wha 
is happening 
as you implement 
your design. 


We will talk about device programming, 
describing 
all of 
the 
steps 
that 
are 
necessary 
to 
program 
a 
PLD. 
Howher, 
due 
to 
the 
wide 
variety 
of 
programmers 


avail~ble, 
we will not get down to the level of detail that 


tells rou exactly which buttons to pUSh. Although we will 
get ~s close as we can, we must defer the details to your 
prog ammer 
manual. 


Co structing a Combinatorial 
Design-Basic 
Gates 


The I first 
example 
we 
will 
try 
is 
a 
very 
simple 


combinatorial 
circuit consisting 
of all of the basic logic 


gates, as shown in Figure 1.This will be helpfulforthose 
designs 
where 
you are integrating 
random 
logic into a 


PAL device to save space and money. 


Asc,n 
be seen from the figure, there will be six separate 


func~ons involving 
a total of twelve inputs. It is important 


to b~ar 
in mind that 
programmable 
logic provides 
a 


convenient 
means of implementing 
designs. 
With a real 


desiqn, some work would be required before this point to 
conc13Ptualize the design, 
but due to the simplicity 
of 
these circuits, 
we are already 
in a position 
to start the 


implementation. 


Building the Equations 


We will start by generating 
Boolean equations. 
The first 


function to be generated 
is an inverter. 
This is specified 


according 
to Figure 1 as: 


B = fA 


Here the "equal" sign (=) is used to assign a function 
to 


output 
B. The 
slash 
(I) 
is used 
to indicate 
negation. 


Thus, this equation 
may be read: 


The next function 
is a simple 
AND gate. As shown 
in 


Figure 1, we can write: 


Here we use the "equal" 
sign again, 
but this time we 


have 
introduced 
the asterisk 
(*) to indicate 
the AND 


operation. 
This equation 
may be read: 


The "plus" sign (+) is used to specify the OR operation 
here. Because 
of the sum-of-products 
nature of logic as 


implemented 
in PLDs, it is often easy to place product 


terms on separate 
lines, which improves the readability. 
We may rewrite this equation 
as: 


H = F 
+ G 


For 
the 
moment, 
we 
will 
assume 
that 
we 
have 


active-HIGH 
outputs 
on our device. 
The functions 
we 


have 
generated 
so 
far 
have 
essentially 
been 


active-HIGH 
functions. 
At times 
we wish 
to generate 


active-LOW 
functions; 
the 
next 
two 
functions 
are 


active-LOW 
functions 
that we wish to implement 
in an 


active-HIGH 
device. 


When 
we 
talk 
in 
terms 
of 
an 
active-HIGH 
or 
an 


active-LOW 
device, the real question 
is whether there is 


an extra inverter 
at the output. 
An active-HIGH 
device 


has an AND-OR 
structure: 
an active-LOW 
device 
has 


an 
AND-OR-INVERT 
structure 
which 
inverts 
the 


function 
at the output 
(see Figure 2). 


NAND and NOR gates could be generated 
very simply 


in an active-LOW 
device, because we would just have to 


generate 
AND 
and OR functions, 
and 
let the output 


inverter 
generate 
their complements. 
However, 
given 


that 
we 
wish 
to 
implement 
these 
functions 
in 
an 


active-HIGH 
device, 
we 
must 
invoke 
DeMorgan's 


theorem, 
as follows: 


I(x * 
Y) 
= Ix + IY 
I(X 
+ Y) 
= Ix * IY 


We may generate 
our NAND function 
by writing: 


or, if preferred, 


L 
II 
+ IJ 
+ 
IK 


Likewise 
the NOR function 
may be specified 
as: 


o 
I (M 
+ 
N) 


Finally, an exclusive-OR 
(XOR) gate may be specified 


either as: 


where 
:+: 
represents 
the 
XOR 
operation, 
or 
more 


explicitly 
as: 


R 
= 
P * 
IQ 
+ IP * Q 


We have now specified 
all of the functions 
in terms of 


their 
Boolean 
equations. 
The 
equations 
are 


summarized 
in Figure 3. 


B 
IA 
inverter 


E 
C * 
D 
AND 
gate 


H 
F 
OR 
gate 


+ G 


L 
II 
NAND 
gate 
+ IJ 
+ IK 


0 
1M 
* IN 
NOR 
gate 


R 
P * IQ 
XOR 
gate 


+ Ip 
* 
Q 


Figure 3. Basic Gates Equations 


~~~; ;ith-~ 
'~~~il-;:ND'g~i; 
~y-~~i·~t-~~~~·~-nd 
.•t;; 


indicate the function 
being performed. 


Although 
ypu really do not need to be concerned 
with 


the actual implementation 
of these functions 
inside the 


PAL device. 
you may be curious. 
Figure 5 shows 
how 


the inverter and the AND gate are implemented. 
An 'X' 


indicates a connection. 
A product term that is not used is 


indicated 
by an 'X' in the small AND gate. 


A ponton OTa lOgiC OIagram IS snown 
In I-Igure 4. 


The 
logic 
diagram 
shows 
all of the 
logic 
resources 


avai able in a particular 
device. 
In each device, 
inputs 


are 
provided 
in true 
and 
complement 
versions, 
as 


sho 
n in Figure 
4. These 
drive what 
are often called 


"inplJlt lines," 
which 
are the 
vertical 
lines 
in the logic 


diagram. 
These 
input lines can then be connected 
to 


pro~uct terms. The name "product 
term" is really just a 


fancr 
name for an AND gate. However, 
PLDs provide 


I 


True and 
Complement Inputs 


Il------ 
_ 
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PlD Design Basics 


Building the Design File 


Once the design 
has been conceptualized, 
the design 


file must be generated. 


We now know exactly what our functions 
are going to 


be. We have twelve 
inputs, six outputs, 
and the NAND 


function 
requires 
three 
product 
terms. 
Note that if we 


had specified: 


L 
II 


+ IJ 
+ IK 


forthe 
NAND gate, it would not be as obvious how many 


product terms would be needed. 


We are now in a position 
to create the design file. The 


design 
entry 
varies 
with the software 
package 
used. 


You 
must 
consult 
the 
manuals 
supplied 
with 
the 


software 
for design 
entry format. 


Generating a JEDEC File 


Once 
the 
design 
file 
has 
been 
entered, 
you 
can 


assemble 
the design to get a JEDEC file. We have two 


purposes 
here: 
to 
make 
sure 
there 
are 
no 
basic 


mistakes 
in the file, and to generate 
a JEDEC 
file for 


programming. 
Again, how this is done is determined 
by 


the software. 


Simulating the Gates 


After you have verified that your design file is correct, 
it 


is time to verify that the design 
itself is correct. 
This is 


done by simulating 
the design. 
Simulation 
provides 
a 


way for you to see whether 
your design 
is working 
as 


you expect it to. You provide 
a series of commands, 
or 


events, 
which 
are then 
simulated 
by the software. 
If 


requested, 
the software 
can tell you if the simulation 


matches 
what 
you 
expect, 
and, 
if 
not, 
where 
the 


problems 
are. 


The simulation 
section is the last part of the design file. It 


is 
not 
required, 
but 
is 
invariably 
helpful 
both 
in 


debugging 
the 
design, 
and 
in generating 
what 
can 


eventually 
be 
used 
as 
a 
portion 
of 
a 
test 
vector 


sequence. 


The simulator 
also converts 
the simulation 
results 
into 


test vectors, and appends the vectors to the JEDEC file. 
This file can be used with programmers 
that 
provide 


functional 
tests. 


Constructing a Registered Design- 
Basic Flip-Flops 


Next we will do a very simple registered 
design: we will 


be designing 
all of the basic flip-flop types (Figure 6). We 


will conceptualize 
the design 
by reviewing 
briefly 
the 


behavior of the D-type flip-flop. 
We will then present the 


results for T, J-K, and S-R flip-flops. 


The devices we will be using in the examples only have 
D-tyPe flip-flops. Thus, we will be emulating the other 


~~f1;P_fb~ 


I 


D Co 
-~po 
I 


I 
Co 
I 
T 
-~po 
I 


I 


J 
Co 
~~ 


K 
P a 
I 


s Co 
1-.) 


R 
p a 


Bui ding the D-Type Flip-Flop Equations 


A D- ype flip-flop merely presents the input data at the 
output after being clocked. Its basic transfer function 
can be expressed as: 


::el~e 
~ave used pins DT (DTrue) and Dasshown in 


FigUr 6. 


Notethe use of ':=' here instead of '='.This indicatesthat 
the oLtput is registered forthis equation. The difference 
is illustrated in Figure 7. 
. 


D 
0 
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Figure 7. Registered vs. Combinatorial 
Equations 


We can also generate the complement signal (named 
DC) with the statement: 


DC 
: = 
/D 


As shown in Figure 6, we want to add synchronous 
preset and clear functions to the flip-flops. This can be 
done with two input pins, called PR and ClR. To add 
these functions to the true flip-flop signal, we add IClA 
to every product term and add one product term 
consisting only of PA. Likewise, for the complement 
functions, we add IPA to every product term, and add 
one product term consisting only of ClR. With these 
changes, the equations now looks like: 


DT 
D * 
/CLR 
+ PR 


DC 
/D 
* 
/PR 
+ 
CLR 


Inthis way, when clearing the flip-flops, the active-HIGH 
flip-flops have no product terms true, and go lOW; the 
active-lOW flip-flops have the last product term true, 
and will therefore go HIGH. The reverse will occur for 
the preset function. 


There is still one hole in this design: what happens 
if we 


preset 
and clear at the same time? 
As it is right now, 
both outputs 
will go HIGH. This makes no sense since 


one signal is supposed 
to be the inverse of the other. To 


rectify this, we can give the clear function 
priority 
over 


the preset function. 
We can do this by placing /elR on 


every 
product 
term 
for the 
true 
flip-flop 
signal. 
The 


results are shown as follows: 


DT 
D * 
/CLR 
+ PR 
* 
/CLR 


DC 
/D * 
/PR 
+ CLR 


The same basic procedure 
can be applied 
to all of the 


other flip-flops. 
The equations 
are shown 
in Figure 8. 


DT 
:= D * 
/CLR 
+ PR * 
/CLR 


DC 
:= /D * 
/PR 


+ CLR 


TT 
:= T * 
/TT * 
/CLR 
+ 
/T * 
TT * 
/CLR 


+ PR * 
/CLR 


TC 
:= T * 
/TC * 
/PR 
+ /T * 
TC * 
/PR 
+ CLR 


JKT:= 
J * 
/JKT 
* 
/CLR 


+ 
/K * 
JKT 
* 
/CLR 


+ PR * 
/CLR 


JKC:= 
/J * 
/JXC 
* 
/PR 
+ K * 
/JKC 
* 
/PR 
+ CLR 


SRT:= 
S * 
/CLR 
+ 
/R * 
SRT 
* 
/CLR 


+ PR * 
/CLR 


SRC:= 
R * 
/PR 


+ 
/S * 
SRC * 
/PR 
+ CLR 


;output 
is D 
if not 
clear 


;or 
1 if preset 
and 
not 
clear 
at 
the 
same 
time 


;output 
is 
/D 
if 
not 
preset 
;or 
1 if 
clear 


;go 
HI 
if 
toggle 
and 
not 
clear 
;stay 
HI 
if not 
toggle 
and 
not 
clear 


;go 
HI 
if preset 
and 
not 
clear 
at 
the 
same 
time 


;go 
HI 
if 
toggle 
and 
not 
preset 
;stay 
HI 
if not 
toggle 
and 
not 
preset 


go 
HI 
if 
clearing 


;go 
HI 
if J and 
not 
clear 
;stay 
HI 
if not 
K and 
not 
clear 
;go 
HI 
if preset 
and 
not 
clear 
at 
the 
same 
time 


;go 
HI 
if 
not 
J and 
not 
preset 
;stay 
HI 
if 
not 
K 
and 
not 
preset 
;go 
HI 
if 
clear 


;go 
HI 
if 
set 
and 
not 
clear 
;stay 
HI 
if 
not 
reset 
and 
not 
clear 


;go 
HI 
if preset 
and 
not 
clear 
at 
the 
same 
time 


;go 
HI 
if 
reset 
and 
not 
preset 
;stay 
HI 
if not 
set 
and 
not 
preset 
;go 
HI 
if clear 


Building the Remaining Equations and 
Completing the Design File 


Notice that in some of the equations 
above, the output 


signal itself shows up in the equations. 
This is the way in 


which 
feedback 
from 
the 
flip-flop 
can 
be 
used 
to 


determine 
the next state of the flip-flop. 
An equivalent 


logic drawing 
of the TT equation 
is shown in Figure 9. 


CLR 


T 


ffil:= T-Iml- /CLR 


+ r@Il-/cLR 


+ PR"/CLR 


Figure 9. Feedback In the Equation for TT 


We~I 
re now in a position to complete the design file You 


mus follow the instructions included with your software 
pac 
ge to complete the file. 


Si~Ulating the Flip-Flops 
Afte 
processing 
the 
design 
and 
correcting 
any 


mist kes, we can run the simulation. 


The lile can now be simulated in the same manner as 
the Ijasic gates design. 


Pro ramming a Device 


After simulating the design, and verifying that it works, it 
is tilT]eto ~rogram a device. There are several steps to 
programming, 
but 
the 
exact 
operation 
of 
the 
programmer 
naturally 
depends 
on 
the 
type 
of 


prog ammer being used. Wewill be asexplicit aswe can 
here, but you will need to refer to your programmer 
man al for the specifics. 


The 
irst thing that must be done after turning the 


prog~ammeron isto selectthe device type. This tells the 
progr,ammerwhat kind of programming data to expect. 
The feVice type is usually selected either from a menu 
or by entering a device code. Your programmer manual 
will h ve the details. 


Next IiJEDEC file must be downloaded. To transfer the 
JED~C file from the computer to your programmer, you 
Willneedto provide a connection, as shown in Figure 10. 
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Figure 10. A Connector Must Be Provided 
Between the Computer and the Programmer 


If your programmer can perform functional tests, and 
you wish for those tests to be performed, you should 
download the JEDEC file containing the vectors; 
otherwise, you should download the JEDEC file without 
vectors. 


To download data, the programmer must first be set up 
to receive data. The programmer manual will tell you 
how to do this. 


Communication must be set up between the computer 
and 
the 
programmer. 
Whichever 
communication 


program is installed must be invoked. This is used to 
transmit the JEDEC file to the programmer. Follow the 
instructions for 
your 
program 
to 
accomplish 
the 


next steps. 


Before 
actually 
sending 
the data, you must verify the 


correct 
communication 
protocol. 
Check 
to make sure 


you know what protocol 
the programmer 
is expecting; 
then set upthe 
baud rate, data bits, stop bits, and parity, 
to match the protocol. 


Once the protocol 
has been set up the JEDEC file must 


be downloaded. 


Enter the name of the JEDEC 
file you wish to use. The 


computer 
will then announce 
that it is sending the data, 
and tell you when it is finished. 
Note that just because 
it 


says it has finished 
sending data does not mean that the 


data 
was 
received. 
Your 
programmer 
will 
indicate 


whether 
or not data was received 
correctly. 


Once the data has been received, 
the programmer 
is 


ready 
to 
program 
a device. 
Place 
a device 
in the 


appropriate 
socket, 
and follow the instructions 
for your 


programmer 
to program 
the 
device. 
This 
procedure 


programs 
and verifies 
the connections 
in the device, 


and, if a JEDEC 
file containing 
vectors 
was used, will 


perform 
a functional 
test. 


The programmer 
will announce 
when the programming 


procedure 
has been completed. 
You may then take the 


device and plug it into your application. 


If you have actually 
programmed 
one of the examples 


that we created above, you naturally don't have a board 
into which you can plug the device. 
If you do have a lab 


setup, you may wish to play with the devices to verify for 
yourself 
that the devices 
perform 
just as you expected 


them to. 


You will find much more detail on many issues that were 
not discussed 
in this section in the remaining 
sections of 


this handbook. 
This section 
should 
have provided 
you 


with the basic knowledge 
you need to understand 
the 
remaining 
design 
examples 
in this book, 
and to start 


your own designs. 


J 
_ 


I 


PlD Design Methodology 


pro~rammable logic devices (PLDs) are used in digital 
systems design for implementing a wide variety of logic 
functions. These logic functions range from simple 
random 
logic 
replacement 
to 
complex 
control 


sequencers. Programmable logic devices offer the 
mUI~ipleadvantages of low cost, high integration, ease 
of yse. and easier design debugging capability not 
available in other systems design options. In the 
following discussion we will detail the PLD design 
pro ess. 


Mo 
PLDs have an AND-OR array structure with 


pro rammable connections in either or both of the 
arra s. 
A 
programmable 
array 
implies 
that 
the 


con ections can be programmed by the user. The 
poP~larPAL (Programmable Array Logic) devices have 
a pr grammable AND array and a fixed OR array. PAL 
devi es are used for a wide variety of combinatorial and 
regi· tered logic functions. Inthis discussion we will also 
examine 
the 
various 
design 
constraints 
to 
be 


con~dered when selecting the correct architecture for a 
giVer'application. 


All pigital logic can be efficiently reduced to two 
fundamental gates, AND and OR, provided both true 
and complement versions of all input signals are 
avai able. Such logic is generally built around what is 
known 
as 
the 
sum-of-products 
(AND-OR) 
form. 


Prowammable logic devices are ideal for implementing 
suc~ two-stage logic in the AND and OR arrays. 


var~is 
process 
technologies 
offer 
many design 


opti nsfor PLDs. The connections inthe programmable 
arra s can be fuse-based, commonly used in both ECL 
and 
L bipolar technologies, E/EEPROM cell based in 


UV- PROM and EEPROM CMOS technologies, and 
RA 
cell-based 
in CMOS 
RAM technology. The 


sele tion of technology is mostly dependent upon the 
syst m speed and power constraints. Most design 
engi eers are familiar with these constraints, which not 
only dictate the technology of PLDs but also all of the 
othe logic used in a system. 


Desipning with 
PLDs involves the use of design 


sof~are 
and a device programmer (Figure 1). The 


design software eliminates the need to identify every 
con1ection to be programmed for implementing the 
desired sum-of-products logic. The design process 
begins with the creation of a design file which specifies 
the 
desired 
function. 
The 
function 
is 
typically 


reprrsented by its sum-of-products form and can be 
derived directly from the timing diagram and/or truth 


tables. 
Occasionally 
Karnaugh 
maps 
and 
state 


diagrams are also used. The design file is then 
assembled to produce the "JEDEC"file. The JEDEC file 
gets its namefrom the fact that it is an approved JEDEC 
standard for specifying the state of every connection on 
the device. Simulation can then be performed. If the 
design is correct, the JEDEC file is downloaded into a 
device programmer for programming the connections 
on the device. The device can then be plugged into the 
PC board where it will function. The entire procedure 
can often be performed with the designer never having 
to leave the desk. Most programmers interface to 
personal computers, so that the design file can be 
edited, assembled, simulated, anddownloaded, andthe 
device programmed, all in one place. 


10173D-l1 


Figure 1. PLDs are Designed Using Software and a 


Device Programmer 


The first stage in a PLD design process (Figure 2) isthe 
conceptualization of a design problem; the second isthe 
selection of the 
correct 
device; 
the third 
is the 


implementation of the design, which also includes 
simulating the design with test vectors; and finally, the 


actual programming 
and testing on a system board. We 


will take a simple 
design 
example 
and go through 
the 


various 
stages of this design process. 


Conceptualize A 
Design Problem 


1 


Select Device 


1 


Implement 
Design 


1 


Program PLD 


1 


Test PLD 


1 


Plug PLD 
Into Board 
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Figure 
2. Programmable 
Logic 
Device 
Design 


Process 


Conceptualizing 
a Design 


The first step in the PLD design process is also required 
for any SSI/MSI design. An advantage 
of PLDs is that at 


this stage the designer 
needs to be concerned 
only with 


the required 
logic function. 
With 
SSI or MSI, various 


device logic limitations 
must be accounted 
for before the 


design 
can 
be started. 
Clearly 
a designer 
needs 
to 


develop 
a brief 
and 
complete 
functional 
description, 
based upon the system 
design requirements. 


We will take the example 
of a simple address 
decoder 


circuit 
required 
for 
a 
68000 
microprocessor. 
The 


microprocessor 
has 
24 
address 
lines 
along 
with 


separate 
read and write signals. 
It requires 
some ROM 


to store the boot-up 
code 
as well 
as some 
RAM for 


storing 
and executing 
programs. 
The purpose 
of the 


address decoder circu itry is to select one of the memory 
addresses 
at a time. The RAMs and ROMs are assigned 


addresses 
on 
the 
68000 
microprocessor 
address 


space. The Address decoder 
circuit has to select one of 


the RAMs or ROMs for a specific 
range of addresses, 


called 
the 
address 
space. 
This 
selection 
is 


accomplished 
by 
asserting 
the 
specific 
chip-select 


signal for the RAM or ROM when the microprocessor 
accesses 
one of the addresses 
in the address 
space. 


There is additional 
circuitry 
in a typical 
microprocessor 


system 
for 
addressing 
I/O 
devices 
(such 
as 
disk 


controllers). 
These devices also require that chip-select 


signals 
be 
asserted 
when 
the 
microprocessor 


addresses 
them. 
Figure 3 shows 
an example 
address 


map for a 68000 microprocessor. 


PROM 1 


PROM 2 


DRAM 1 
----------- 


DRAM 2 
----- 
.•. _---- 


DRAM 3 
----------- 
DRAM 4 


20000D-2FFFFF 


300000-3FFFFF 


400000-4FFFFF 


500000-5FFFFF 
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Figure 
3. Memory 
Address 
Map 
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Reset ± 
Button 
• 


Interface 
Logic 


M68000 
Microprocessor 


INIT 


ROMCSt 


Read & 
Write 


Fig 
re 4 show the circuit diagram. 
The address signals 


frorlJ 
the 
68000 
microprocessor 
are 
inputs 
to 
the 
inte.face 
logic 
block. 
The 
outputs 
generated 
are 


RO~CS1, 
ROMCS2 
and RAMCS. 
The generation 
of 


signals 
for selecting 
device 
l/Os is similar 
and is not 
shotn 
here for the sake 
of simplicity. 
Other 
system 


inp~s 
to the 
interface 
are the address 
strobe 
signal 


genyrated 
by the 68000 microprocessor 
as well as the 


reaCVwrite signal. 
The 
truth 
table 
for generating 
the 


outputs 
is shown 
in Table 
1. This truth table is derived 


fro~ 
the 
memory 
address 
map 
and 
the 
functional 


desfiPtion 
of the design. 


Table 1. Truth Table for Chip-Select Signals 


Addresses 
Hex 
Size 
A23 
A22 
A21 
Signal 


OO~OOO-OFFFFF 1 MB 
0 
0 
0 
ROMCS1 


10~00o-1FFFFF 
1 MB 
0 
0 
1 
ROMCS2 


20000o-2FFFFF 
1 MB 
0 
1 
0 
RAMCS 
'1'0O-3"'FF 
1 MB 
0 
1 
1 
RAMCS 
40 000-4FFFFF 
1 MB 
1 
0 
0 
RAMCS 


50 000-5FFFFF 
1 MB 
1 
0 
1 
RAMCS 


De ice Selection Considerations 


The 
irst task for the designer 
is to identify 
the design 


prob em and classify 
it as a combinatorial 
function 
or a 
regis ered 
function, 
depending 
upon 
whether 
or not 


regis ers 
are 
required. 
In most 
cases, 
this 
decision 


~I 


depends 
upon 
the functional 
nature 
of the 
problem. 


Sometimes 
timing 
and 
logic considerations 
can also 


dictate the use of registers; 
this will be discussed 
later. 


Registers 
are 
usually 
not 
required 
for 
such 
simple 


combinatorial 
functions 
such 
as encoders, 
decoders, 


multiplexers, 
demultiplexers, 
adders, and comparators. 


However, 
registers 
are required 
for functions 
such as 


counters, 
timers, 
control 
signal 
generation, 
and state 


machines. 
No registers 
are 
required 
for this 
simple 


address decoding 
example. 


The best choice for our combinatorial 
design would be a 


PAL device. The task now is to select a PAL device for 
implementing 
the 
desired 
function. 
General 
device 


selection 
considerations 
are listed below. These 
items 


are applicable 
to most designs. 


• 
Number of input pins 


• 
Number of output pins 


• 
Number of I/O pins 


• 
Device speed 


• 
Device power requirements 


• 
Number of registers 
(if any) 


• 
Number of product terms 


• Output polarity control 


Address 
Address 
- 
Decoding 
Memory Access Time 
Decoding 
- 
Time 
Time 


1-: 
tOns 
tons-:I 


ReadiWrite 
Cycle Time 


Figure 5. System Timing 
Requirements 


The first resource 
that must be provided 
in a PLD is the 


number of pins needed for the basic logic function. 
This 


consists 
of the number 
of input and output 
pins. Many 


PLDs 
have 
internal 
feedback, 
which 
allows 
the 


generated 
output 
signal to be reused as an input. The 


same 
feedback 
also 
allows 
the pin to be used 
as a 


dedicated 
input, if required. 
This is especially 
useful for 


fitting 
various 
designs 
with 
different 
input/output 


requirements 
on the same device. The I/O pin capability 


of certain 
PLDs can also be very useful for certain 
bus 


applications. 


The task is as simple 
as counting 
the number of input, 
output and I/O pins required by the design and picking a 
PLD which 
has the requisite 
number of pins. 


The next selection 
issue is the device speed. The most 


important timing consideration 
for combinatorial 
PLDs is 


the propagation 
delay (tpo) of signals from the input to 


the 
output 
of the 
device. 
For 
registered 
PLDs, 
the 


important 
timing 
consideration 
is the device 
clocking 


frequency. 
This clocking frequency 
is in turn determined 


by 
sum 
of 
the 
register 
setup 
time 
(ts), 
and 


clock-to-output 
propagation 
delay (teo). Most systems 


impose 
some 
timing 
restrictions 
on the internal 
logic 


functions. 
These 
restrictions 
will 
determine 
the 


necessary 
tpo (for combinatorial 
devices) 
or fMAX (for 


registered 
devices). 


In our design 
example, 
the PLD will primarily 
perform 


address decoding. 
The critical system timing constraint 


is determined 
by 
the 
read/write 
cycle 
time 
of 
the 


microprocessor 
and the memory 
access time available 


(Figure 5). Most microprocessors 
allow anywhere 
from 


10 to 35 ns for address decoding. 
That is, 10 ns - 35 ns 


after 
the 
address 
is available, 
the 
correct 
memory 


chip-select 
signal 
should 
be asserted. 
In our design 


example, the available cycle time of 240 ns and memory 
access time of 220 ns leaves barely 
10 ns for address 
decode 
time. We can check the propagation 
delay and 


select 
the 
appropriate 
speed 
device 
for our design, 
which 
is tpo = 10 ns. 


We 
have 
already 
briefly 
discussed 
the 
types 
of 


applications 
where 
registers 
are needed. 
Sometimes 


the consideration 
of system timing can affect whether or 


not registers 
are needed. 
Devices 
with 
registers 
can 


hold a signal stable forthe 
long durations 
required by the 


addressed 
peripheral 
or memory. 
However, 
this slows 


the initial response 
or access time of the device 
since 


the chip select must wait for the setup time before the 
rising edge of the clock cycle. Devices without 
registers 


provide fast access time but hold the signal valid only as 
long as the input conditions 
are valid. In most address 


decoders, 
the address 
signals are kept asserted 
by the 


microprocessor 
until the read/write 
cycle is completed. 


In this case, the registers are not required for holding the 
signals asserted. 


The remaining 
two general 
design 
considerations 
are 


the number of product terms and output polarity. We will 
discuss 
these two as we implement 
the design 
in the 


next section. 


Implementing a Design 


Implementing 
a design 
(Figure 6) requires 
the creation 


of a design file. The design file contains 
three types of 


information. 


• 
Basic bookkeeping 
information 


• 
Design syntax 


• Simulation 
syntax 


Once the design file is complete, 
it is then assembled 


and 
simulated. 
Once 
it 
passes 
assembly 
and 


simulation, 
the resultant 
JEDEC 
file is downloaded 
to a 


device programmer 
for configuring 
the device. 


Design Syntax 


In this example, 
as shown 
in Figure 
6, there 
are two 


options 
available 
to the 
designer 
for expressing 
the 


design. 
The first 
is through 
traditional 
Boolean 
logic 


equations; 
the 
second 
is through 
a state 
machine 


syntax. The Boolean logic equations 
are the only option 


for combinatorial 
designs 
and can also be efficient 
for 


some registered 
designs. 
The Boolean 
equations 
can 


be 
derived 
from 
a 
combination 
of 
the 
functional 


description, 
the truth table and/or the timing 
diagrams 
(Figure 7). The state machine approach 
is ideal for large 


registered 
control designs, 
and can be derived from the 


functional 
description, 
state table, state diagram 
and/or 


the timing diagram 
(Figure 8). 
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Creat Design 
File Write 
State Machine 


Functional 
Description 


Assemble 
Design File 


AMD~ 


Functional 
Description 


Assemble 
Design 
File 


Boblean Logic Equations 


BO~lean equations 
are 
used 
to 
represent 
the 
~ulT)-of-pr?ductslogic form. The Boolean equations are 
IdeJIlY sUited for representing the two-level AND-OR 
logi available in most PLDs. 


A c nventional approach to the design is to convert the 
desf' n problem to its discrete logic implementation. 
~uc 
rando~ 
SSI and MSI logic can be easily 


Imp.~mented In PLDs. This usually involves converting 
to som-of-products Boolean logic form. This approach 
?a~be 
a chore, and much effort can be saved by 


Impl ~entlng a design with PLDs in a sum-of-products 
for. 
nght from the start. This essentially meansthat the 


desl ner does not have to design around the limitations 
of fi{ed ~SI ~nd MSI functions. A direct implementation 
of a 
eSlgn In sum-of-products form in a PLD can also 


yiel 
a faster circuit. 


Figure 8, State Machine Description 


Boolean equations can be directly derived from the truth 
table or timing diagram (Figure 7). The truth table is 
used more often in simple combinatorial designs. The 
timing diagram method is used more often in registered 
control designs. We will first discuss the truth table 
method and then discuss the details of the timing 
diagram method. 


In addition to specifying the logic function, the Boolean 
equations in the design file help document the design. 
There ISno need to draw out an equivalent schematic. 
This allows design modularity; the schematic can just 
show a block for a particular PLD. Separate supporting 
documentation (the design file) provides the details 
without cluttering the drawing. 
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Tr~th-Table-Based 
Design 


Th~ requirements 
for our particular 
design example can 


be ,asily 
converted 
to a truth table format (Table 2). This 


truth table is based upon the functional 
description 
of the 


design, and is derived from the address 
map (Figure 3) 


and the truth table (Table 
1). 


Output Generated 


A23 
A22 
A21 
INIT 
AS 
RW 
ROMCS1 
ROMCS2 
RAMCS 


0 
0 
0 
1 
0 
1 
0 
1 
1 
0 
0 
1 
1 
0 
1 
1 
0 
1 


0 
1 
0 
1 
0 
X 
1 
1 
0 


0 
1 
1 
1 
0 
X 
1 
1 
0 


1 
0 
0 
1 
0 
X 
1 
1 
0 


1 
0 
1 
1 
0 
X 
1 
1 
0 


Thete 
are three 
a?ditional 
inp~t signals 
in this design 
The equations 
are derived directly from the truth tables. 


example. 
The 
first, 
RW, 
IS 
generated 
by 
the 


mic~oprocessor, 
and distinguishes 
between 
read and 


write cycles. Since the ROM data is only for reading, the 
RO$CS 
1 and ROMCS2 
signals are asserted only when 


Rwlis 
high (when the microprocessor 
attempts 
to read 


the ROM) and are not asserted 
for the write cycle. On 


the 9ther hand, RAMCS 
is generated 
for both read and 


writi 
cycles and the state of signal RW is "don·t care." 


The second additional 
signal, AS, is the address strobe 
Sign~1generated 
by the microprocessor, 
and is asserted 


only when the address 
lines carry a valid address. All of 
the 
hip select 
signals 
need to be gated with the AS 


signal to ensure 
that they are only generated 
for valid 


add(esses, 
and no spurious 
chip selects are generated. 


The last signal 
is the INIT signal, 
which 
is a system 


initialization 
signal. 
This signal 
is used to initialize 
the 


micrbprocessor 
for a "warm boot," and none of the chip 


selects 
is allowed 
when this INIT signal is asserted. 


Writi 
g Boolean 
equations 
from the above logic is very 


straigjht forward. 
The output 
signal 
names, 
along with 


their polarity, are assigned to sum-of-product 
equations, 


WhiC~ are based upon inputs and their polarities. 


/ROMbsl 
= /A23 
* 
/A22 
* 
/A21 
* 
INIT 
* 
/AS 
* RW 


/ROMCS2 ~ /A23 
* 
/A22 
* 
A21 
* 
INIT 
* 
/AS 
* RW 


/RAMf:S 
- /A23 
* 
A22 
* 
/A21 
* 
INIT 
* 
/AS 


+/A23 
* 
A22 
* 
A21 
* 
INIT 
* 
/AS 


+ 
A23 
* 
/A22 
* 
/A21 
* 
INIT 
* 
/AS 


+ 
A23 
* 
/A22 
* 
A21 
* 
INIT 
* 
/AS 


~lgUre 9. The Implementation 
In Boolean 


Equations 


Each one of the AND equations 
uses up one product 


term of the device 
as shown 
in Figure 9. One device 


selection 
consideration 
is to ensure that all the outputs 


have 
sufficient 
product 
terms 
to 
accommodate 
the 


desired function. 


This brings us to the issue of output 
polarity. 
Suppose 


we had to generate 
active-HIGH 
outputs. 
In that case 


the output equations 
for the ROMCS1 
signal would be: 


If 
the 
device 
has 
active-LOW 
outputs 
only, 
this 


equation's 
output 
polarity 
needs 
to be inverted 
to be 


able to fit the device. 
Using 
De Morgan's 
theorem 
for 


Boolean 
logic we get: 


IRCMCSI 
= A23 
+ A22 
+ A21 
+ IINIT 
+ AS + IRw 


This equation 
requires 
a large number of product terms 
(six). Some signals are efficient 
and use fewer product 


terms in their true form, while others are more efficient in 
their 
inverted 
form. 
The 
device 
selection 
issues 
of 


product 
terms 
and 
output 
polarity 
also 
apply 
to 
registered 
designs. 


Timing-Diagram-Based 
Design 


Until now, we have discussed 
a PLD design using truth 


tables as the primary 
design vehicle. 
In this section we 


will attempt a design using a timing diagram 
as a design 


vehicle. 


Earlier in the address decoder design we mentioned 
the 


INIT signal. This INIT signal essentially 
an initialization 
signal 
for the entire 
system. 
The 
INIT signal 
is used 


internally 
(via feedback) 
for disabling 
the chip selects 


during initialization. 
Externally 
it can be used to initialize 


oth~r system signals. This INIT signal is generated 
from 


a iSET 
switch connected 
to the inputs of the device as 


sh wn in Figure 10. 


Mo t experienced 
designers 
understand 
the tradeoffs 


for r.evice selection. 
They implicitly go through the steps 


of 
design 
conceptualization 
and 
device 
selection, 
exXllained earlier. They typically draw a block around the 
log 
being designed, 
with the previous knowledge 
that it 


wo~ld fit a PLD which has sufficient 
inputs, outputs, 
10s 


an 
product terms. 


>- 
:> 


TOP 
PAL Device 
Debounce 
Circuit 
BOTTOM 


R SET±:f 


To 
void 
unwanted 
initialization, 
the 
RESET 
switch 


must be debounced. 
That is, we want the INIT signal to 


remrin 
HIGH 
until 
the 
switch 
actually 
contacts 
the 


bott~m side. Once the bottom side is hit, IN IT should be 
asserted 
active 
LOW. 
Once 
asserted, 
it should 
stay 
Lo~and 
not change 
until the top side is hit again. The 


timi 
g requirements 
of the debounce 
circuitry are shown 


in Fi ure 11. Signals 
TOP and BOTTOM 
are inputs to 


the 
rogrammable 
logic 
device. 
These 
signals 
are 
acti lated when the RESET switch touches 
the top and 


the rttom 
contacts, 
respectively. 


We qan formulate 
the equations 
by looking at the timing 


reqUirements 
of 
the 
debounce 
circuitry 
shown 
in 


Figure 11. The idea is to identify the key elements 
of this 


timing diagram. 
The arrows in Figure 11 show the critical 


everlts. The first arrow shows the normal state of all the 
pins I when 
the 
RESET 
switch 
is 
not 
asserted. 


Sub 
equent arrows show each event in the timing of the 
INIT 
signal, 
depending 
upon 
the 
movement 
of the 


swit 
h. 
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RESET 
Switch 


Figure 11. Timing Diagram for the 


Debounce Switch 


The 
logic 
level 
of the 
signals 
at each 
critical 
event 


carries 
useful 
logic 
information 
for 
deriving 
Boolean 
equations. 
This 
logic 
information 
for 
each 
event 
is 


converted 
into direct 
Boolean 
equations 
as shown 
in 


below. For example, 
at instant 1 the INIT signal remains 


HIGH as long as the TOP signal 
remains 
LOW; this is 


converted 
to INIT = ITOP • BOTTOM. 


1. Normal state 


2. Switch travels 
from TOP to BOTTOM 


3. Switch contacts 


BOTTOM 


4. Switch travels 
/INIT 
/INIT 
* 


from BOTTOM 
to TOP 
BOTTOM 
* 
TOP 


5. Normal State Again 


We can combine 
the two active-LOW 
events 
into one 


equation: 


INIT 
= TOP * BOTTOM * 
INIT 


/INIT 
/BOTTOM 
+ 
/INIT 
* 
BOTTOM 
* 
TOP 


'mizing, this becomes: 


II 
IT = 
IBOTTOM 
+ I 
INIT 
* 
TOP 


This can also be done by way of a truth table and 
K 
I 
h 
anaug 
map. 


Table 3. Truth Table of INIT Logic 


TOP 
BOTTOM 
INIT- 
INIT+ 


1 
1 
1 
1 


1 
1 
0 
0 


1 
0 
1 
0 


1 
0 
0 
0 


0 
1 
1 
1 


0 
1 
0 
1 


0 
0 
1 
X 


0 
0 
0 
X 


Her~TOP or BOTTOM will be LOW if contacted. Note 
that both TOP and BOTTOM can not be contacted atthe 
sarne time. The truth table of Table 3 Yields the 
Karnaugh map shown in Figure 12. Grouping the zeros 
(because we are using active-LOW outputs) yields the 
Boo ean equation identical to the one derived from the 
timiig diagram. 
I 
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F gure 12. Karnaugh Map of INIT Signal Logic 


The e is essentially no difference between the truth 
tablE1and timing diagram techniques for writing Boolean 
logid. Also, a careful analysis will indicate that we 
implicitly assumed a truth table in the timing diagram 
example. Some designers prefer to make a separate 
truth table (at least in the first few PLD designs), while 
othefs prefer to design directly from timing diagrams. 
Whilf the truth table method allows a more optimal 
utilization of product terms, the timing diagram method 
is easier to visualize as it retainsthe design perspective. 
In both cases the logic should be minimized by the 
desi1n software to ensure that the design is testable. 


Most experienced designers understand the tradeoffs 
for device selection. They implicitly go through the steps 
of design conceptualization 
and device 
selection, 


explained earlier. Theytypically draw a block around the 
logicbeing designed, with the previous knowledge that it 
would fit a PLD which has sufficient inputs, outputs, 10s 
and product terms. 


Simulation 


Design simulation is an integral part of the design 
process, as shown in Figure 13. The purpose is to 
exercise all of the inputs and test the response of 
outputs to verify that they will work as desired in the 
system. These are essentially test vectors which 
designate the state of every input on the device; the 
outputs are then checked for an appropriate response. 
The simulation test vectors identify any flaws in the 
design 
equations 
which 
could 
affect 
the 
logical 


operation of the devices programmed. 
Thus, the 


simulation vectors serve as a design debugging tool. 


Simulate the 
Design with 


Simulation Vectors 


Download JEDEC 
File to the Device 


Programmer 


Program 
the PLD 


Si~ulation test vectors will eventually make up part of a 
larger set of test vectors called 'lunctional test vectors". 
These functional test vectors are used to exercise a real 
deVice alter programming to identify any individual 
dev ces which are defective. Other means of identifying 
deflfctive devices, such as signature analysis, are also 
avafable. 
In this section we will strictly focus on 


sim lation vectors. 


Sim lation is included in the design file along with the 
log;<;equations. There is little standardization in these 


AMD~ 


simulation expressions among various PLD design 
software packages, although most of them rely on test 
vectors to exercise the logic. 


The simulation vectors or events can be directly derived 
from the truth table andthe timing diagram of the design. 
The logic level and functions of all signals can be 
expanded and rewritten in a test vector form by the 
software. For example, the truth table for the address 
decoder example discussed earlier can be easily 
rewritten as shown in Table 4. 


Table 4. Truth Table Used to Derive Simulation Vectors 


A23 
A22 
A21 
TOP 
BOnOM 
AS 
RW 
ROMCS1 
ROMCS2 
RAMCS 
INIT 


0 
0 
0 
0 
1 
1 
1 
H 
H 
H 
H 
0 
0 
0 
0 
1 
0 
1 
L 
H 
H 
H 


0 
0 
1 
0 
1 
1 
1 
H 
H 
H 
H 
0 
0 
1 
0 
1 
0 
1 
H 
L 
H 
H 


I 


0 
1 
0 
0 
1 
1 
X 
H 
H 
H 
H 
0 
1 
0 
0 
1 
0 
X 
H 
H 
L 
H 


0 
1 
1 
0 
1 
1 
X 
H 
H 
H 
H 
0 
1 
1 
0 
1 
0 
X 
H 
H 
L 
H 


1 
0 
0 
0 
1 
1 
X 
H 
H 
H 
H 
1 
0 
0 
0 
1 
0 
X 
H 
H 
L 
H 


1 
0 
1 
0 
1 
1 
X 
H 
H 
H 
H 
1 
0 
1 
0 
1 
0 
X 
H 
H 
L 
H 


1 
0 
1 
0 
1 
X 
X 
H 
H 
H 
H 
1 
0 
1 
1 
1 
X 
X 
H 
H 
H 
H 


I 


1 
0 
1 
1 
0 
1 
X 
H 
H 
H 
L 
1 
0 
1 
1 
1 
1 
X 
H 
H 
H 
L 
1 
0 
1 
0 
1 
1 
X 
H 
H 
H 
H 


TheJe are essentially the simulation vectors which will 
Once the simulation is complete, the design file can be 
allo~ us to define the inputs to the device and check the 
outputs of the device. 


The Isimulator then 
interprets the design file and 


generates the output logic levels and/or waveforms, 
which can be checked by the designer. 


assembled 
to 
generate 
the 
JEDEC 
file. 
In the 


proceeding 
discussions 
we 
have 
assumed 
prior 


knowledge of the design file assembly. The procedure 
for assembly varies with different software packages. 
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O,Vice Programming and Testing 


Once the design simulation is completed, the final step 
is ~evice 
programming 
and testing 
(Figure 
14). 


Pr grammers are available from a variety of vendors. It 
is i 
portant to note that Advanced Micro Devices, Inc., 
qualifies 
programmers 
upon 
verifying 
that 
the 


algbrithms used by the programmers are correct and 
thai other basic criteria are met. When purchasing a 
proprammer, check that the programmer is qualified for 
the devices you intend to use. 


Download JEDEC 
File to Device 
Programmer 


Test PLD with 
Simulation and 
Other Test Vectors 


Program 


PLO 
"" 


Performed by 
Device 
Programmers 
/ 


There 
are 
two 
types 
of 
programmers 
available: 


menu-driven or device code based. The menu-driven 
programmer directly indicates the part type being 
programmed, whereas the latter type requires the user 
to enter the device code before programming. 


Once the JEDEC fuse file has been downloaded, the 
programmer can program the device; the PLD is then 
ready for use. The programmer also verifies the 
connections after the programming cycle. Programmers 
also provide the capability of reading a previously 
programmed device and creating duplicates of that 
device. 


Testing PLOs 


The testing of PLDs can be performed by the device 
programmer 
or 
by 
other 
test 
equipment. 
For 
a 


manufacturing environment, where high yields are 
required, device testing is critical. After testing is 
complete, the device security bit may be programmed, if 
desired, to secure the design from copying. 


C mbinatorial Logic Design 


INTRODUCTION 


In this section we will take a detailed 
look at several as- 


pects of combinatorial 
logic design. 
Most combinatorial 


des~n 
applications 
can be easily 
segmented 
into five 


mail r fields. 


• 
Encoders 
and Decoders 


• 
~ultiPlexers 


• 
tomparators 


• 
Adders 
and Arithmetic 
Logic 


• 
~atches 


We will not only focus on the design 
methodology 
for 


the 
e functions, 
but will also explore 
further 
function- 


specific 
PLD 
selection 
requirements. 
Generalized 


desipns 
will be developed, 
which 
can be customized 


late~ to suit specific 
system 
applications. 
Ways of opti- 
mizi 
g the design will also be discussed. 


En!OderS and Decoders 


Two of the most important 
functions 
required 
in digital 


desi 
n are encoding 
and decoding. 
The encoding 
and 


dec~'ding of data are used extensively 
in digital commu- 
nica ions as well as in peripherals. 
Both these are~s use 


vari 
us complex 
encoding 
and decoding 
techniques. 
Mos 
of these techniques 
are extensions 
of the simple 


encoding 
and decoding 
techniques 
often used in other 


di9i~1Idesigns. 
In this discussion 
we will focus on simple 
enc 
ding 
and 
decoding 
techniques. 
More 
complex 
tech 
iques will be discussed 
later. 


En~Oders 
A bi ary code of n bits can be use~ to represent 
2n dis- 


tinct 
pieces 
of 
coded 
data. 
A Simple 
comblnatonal 


encoder 
is a circuit which generates 
n bits of output in- 
formition 
based 
upon one of the 2n unique 
pieces 
of 


inpu 
data information. 
This encoding 
of information 
is 


cont flied 
by other independent 
control signals in a typi- 


cal dfital 
circuit. 


An ill stration of a typical 
encoder 
is shown in Figure 1. 
The 
esign methodology 
typically 
followed 
is based on 


truth 
abies (Table 1), from which the Boolean equations 


are directly derived forthe design. The same generic de- 
vice selection 
considerations 
discussed 
in the section 


on PjL 
device 
design 
methodology 
apply for encoder 


and '1ecoder designs. 


co} Encoded 


C1 
Outputs 
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Figure 1. A Block Diagram 
of an Encoder 


Inputs 
Outputs 


A 
B 
C 
0 
CO 
C1 


1 
0 
0 
0 
L 
L 


0 
1 
0 
0 
L 
H 


I 


0 
0 
1 
0 
H 
L 


0 
0 
0 
1 
H 
H 


The Boolean 
equations 
can then 
be optimized 
using 


Karnaugh 
maps or the software 
minimizer. 


The resulting 
Boolean 
equations 
are: 


el 
IA 
* 
B 
* 
Ie 
* 
ID 


+ 
IA 
* 
IB 
* 
Ie 
* 
D 


eo 
IA 
* 
IB 
* 
e 
* 
10 


+ 
IA 
* 
IB 
* 
Ie 
* 
D 


A Priority Encoder 


Let us take another 
look at the encoder 
example 
of Ta- 


ble 1. In this example 
it is assumed 
that only one of the 


inputs A, B, C or D is asserted 
HIGH at anyone 
time. If 


two of the inputs are asserted 
HIGH simultaneously, 
a 
conflict 
would 
be created. 
To resolve 
this, 
a priority 


needs to be assigned to each of the inputs. Such a prior- 
ity assignment 
is used to select 
a particular 
element 


when several inputs are asserted 
simultaneously. 
Each 
input is assigned 
a priority with respect 
to the other in- 


puts. The output code generated 
is the code assigned to 


the highest priority 
input asserted. 


Thus, a priority encoder 
is a combinatorial 
circuit block 


similar to a general 
encoder, 
except that the inputs are 


assigned 
a priority. 
Such 
priority 
encoders 
are used 


often in state machine 
applications, 
where they detect 
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th 
occurrence 
of the highest 
priority 
event. 
They are 


also 
used 
for 
microprocessor 
interrupt 
controllers, 
where they detect the highest priority interrupt. 
Another 


US$for priority encoders 
is in bus control, where they are 


uS~d in arbitration 
schemes 
for allowing 
selective 
ac- 


ce s to the bus. 


Th~ model of a priority encoder is shown in Figure 2. The 
four input signals are A, B, C and D. These are to be en- 
co~ed 
as LL, LH, HL and HH outputs. 
Let us assign 


pri9rity to Dover 
C, Cover 
B, and B over A. The next 


detgn 
step would be to modify the truth table (Table 2) 


to lflect 
these priorities. 


I 


Figure 
2. A Four-Input 
Priority 
Encoder 


Block 
Diagram 


I 
Inputs 
Outputs 


A 
B 
C 
D 
CO 
C1 


~ 


0 
0 
0 
L 
L 


1 
0 
0 
L 
H 


~ 
0 
1 
0 
H 
L 


0 
0 
1 
H 
H 


X 
1 
0 
0 
L 
H 
Priority 


~ 


X 
1 
0 
H 
L 


X 
X 
1 
H 
H 
Assignments 


The Boolean 
equations, 
directly 
derived 
from the truth 


table, are: 


el 
IA 
* 
B 
* 
Ie 
* 
ID 
+ 
IA 
* 
IB 
* 
Ie 
* 
D 


+ 
B 
* 
Ie 
* 
ID 


+ 
D 


co 
IA 
* 
IB 
* 
e 
* 
ID 
+ 
IA 
* 
IB 
* 
Ie 
* 
D 
+ 
e 
* 
ID 


+ 
D 


These equations 
can be further optimized 
by the design 


software 
to the following: 


el 
D 
+ 
Ie 
* 
B 


el 
D 
+ 
e 


Although 
a priority 
encoder 
is a purely 
combinatorial 


function, output registers are frequently 
used to hold the 


output signal stable for longer durations. 


Decoders 


A decoder performs 
the reverse function 
of an encoder. 


It converts an n-bit code to one of its 2" unique items. It is 
a combinatorial 
circuit designed 
such that at most one of 


its several 
outputs 
will 
be asserted 
based 
upon 
the 


unique input codes. 


A decoder 
may have as many outputs 
as there are pos- 


sible binary input selection 
combinations. 
As shown 
in 


the truth table 
(Table 
3), only one output 
may be as- 


serted at any time. When a new combination 
is applied, 


another output is asserted 
and the original output is re- 


turned to its non-asserted 
state. 
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Table 3. The Truth Table of an Active-LOW 4·t0-16 Decoder 


Input Select Lines 
Output Lines 


A 
B 
C 
D 
CO 
01 
02 
03 
Q4 
05 
Q6 
07 
08 
Q9 010 011 012 
013 
014 
015 


0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
1 
0 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
0 
0 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
0 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
0 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
0 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 


I 
I 
Thl Boolean 
logic 
equalions 
can be directly 
denved 


frorp the truth table shown in Figure 5. The procedure 
is 


the same as explained 
in the previous 
section on PLD 


design 
methodology. 
The Boolean 
equations 
derived 


are!shown 
in Figure 3. 


I 
IQq 
IQ,I 
IQ 
IQ 
IQ 
IQ 
IQ 
IQ 
IQ8 
IQ9 
IQIO 
IQll 
IQl 
IQl 
IQ14 
IQ16 


* 
IB 
* 
IB 
* 
B 
* 
B 
* 
IB 
* 
IB 
* 
B 
* 
B 
* 
IB 
* 
IB 
* 
B 
* 
B 
* 
IB 
* 
IB 
* 
B 
* 
B 


Pro~ably the most commonly 
used decoders 
are the ad- 
dre¥ 
decoders 
required 
by most microprocessors 
and 


bus interfaces. 
These also constitute 
the most common 


applIcation 
of PLDs in digital designs. 
The design con- 
Siderations 
for address 
decoders 
have been covered 


earliflr in the PLD Design Methodology 
section. Laterwe 


will develop 
a general 
Boolean equation for an address 


decdder 
circuit when we discuss 
range decoders. 


Encoder/Decoder 
Device Selection 


Considerations 


The general 
device 
selection 
considerations 
are listed 


below. Based upon the number of inputs and outputs re- 
quired, a device can be selected. 
• 
Number of Input Pins 
• 
Number of Output 
Pins 
• 
Number of I/O Pins 
• 
Device Speed 
• 
Device Power Requirements 


• 
Number of Registers 
• 
Number of Product Terms 


• 
Output Polarity Control 


Encoders typically 
require a large number of inputs and 


fewer 
outputs, 
whereas 
decoders 
typically 
require 
a 


large number of outputs 
and fewer inputs. 


Notice from the truth table that there is no combination 
of inputs that will send all the outputs 
to their non-as- 


serted state. Many designs 
actually 
need to be able to 


make all outputs 
inactive. 
This can be done simply 
by 


putting enable lines in all of the output AND gates. Many 
such design modifications 
can be easily added once the 


basic Boolean equations 
have been derived, 
instead of 


redoing the truth table. 


Another important 
device selection consideration 
for en- 


coders 
and decoders 
is the number 
of product 
terms 


required for a design. A careful selection 
of code values 


~ 
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(andlpriority 
assignments 
in priority encoders) 
can often 


redle 
the required 
number of product terms. This can 


som 
times determine 
whether 
or not a design fits a de- 


vice 
uccessfully. 
Figure 4 shows the truth tables of two 


sim 
Ie partial 
3-to-2 
encoders. 
The product 
terms 
re- 
qUir~d 
for the 
two 
designs 
are 
different 
due 
to the 


diffe~ent assignment 
of encoded 
bits. 


,nputs 
Outputs 


A 
B 
C 
X1 
XO 


1 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
1 
1 
0 


Inpuis 
Oulpuls 


A 
B 
C 
X1 
XO 


1 
0 
0 
0 
1 


0 
1 
0 
1 
0 


0 
0 
1 
1 
1 


Xl i 


IA * 
IB * 
C 
Xl 
IA * 
B * 
IC 
+ IA 
*/B 
* 
C 


xo 


1 


IA * 
IB * 
Ic 
XO 
A * 
IB 
* IC 


+ IA 
* 18 
* 
C 
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Figure 
4. Two Encoders 
with 
Different 
Product 


Term 
Requirements 


Anot~er way of looking at a decoder 
is as a logic function 


WhiCt,depending 
upon the select code applied, 
con- 
nect 
one data input to the selected outputs. Also known 


as a 
emultiplexer, 
a decoder 
essentially 
connects 
an 


input~o one of 2n outputs based upon n select code bits. 
The ~everse logic function, 
which 
combines 
data from 


multiple 
sources 
to an output 
signal, 
is called 
a multi- 


PleXjr and is discussed 
next. 


Mul iplexers 


A multiplexer 
(sometimes 
referred to as a data selector) 
is a ~pecial combinatorial 
circuit, widely 
used in digital 


design. 
It is designed 
to gate one of several inputs to a 


Singll 
output. 
The input selected 
for connection 
to the 


outp 
t is controlled 
by a separate 
set of select inputs. 


The t aditional 
use of a multiplexer 
is for '1ime division 


multi 
lexing" in data communication, 
when gating sev- 
eral data lines to a single data transmission 
line for short 


intelrvlS 
of 
time. 
The 
data 
received 
is 
then 
de- 
multi 
lexed by using a demultiplexer. 


The 
esign methodology 
employed 
for multiplexer 
de- 


sign is the truth-table 
approach. 
As an example, we can 


look .ft 
a three 
in put-to-one-output 
(3:1) multiplexer, 


whiC~ uses two select signals A and B. Based on these 
two s lect bits, the data on one of the three inputs is sent 
to the output. The truth table is shown in Table 4. 


Table 
4. Truth 
Table 
for a Three-to-One 


Multiplexer 


Select 
Inputs 
Output 


B 
A 
11CO 
11C1 
11C2 
01Y 


0 
0 
0 
X 
X 
0 


0 
0 
1 
X 
X 
1 


0 
1 
X 
0 
X 
0 


0 
1 
X 
1 
X 
1 


1 
0 
X 
X 
0 
0 


1 
0 
X 
X 
1 
1 


Deriving the Boolean 
equation 
from this truth table is a 


straight 
forward 
task. In this case no further 
minimiza- 


tion is possible. 
The Boolean 
equation 
is: 


IOIY 
IB 
+ 
18 
+ 
8 


* 
IA 
* 
* 
A 
* 
* 
IA 
* 


IIlCO 
IIlCI 
IIlC2 


The equations 
derived 
in the above 
example 
can be 


easily generalized 
for other multiplexers. 
The symbol for 


a general 
2n-inputs-to-one-output 
multiplexer 
is shown 


in Figure 5 where n select lines are used. 


(10) 
(Il) 
(12 ) 


(13) 


* 
ISO 
* 
(10) 


* 
SO 
* 
(Il) 


* 
ISO 
* 
(12 ) 


* 
SO 
* 
(13) 


* 
ISO 
* 
(14) 


* 
SO 
* 
(IS) 


* 
ISO 
* 
(16) 


* 
SO 
* 
(17) 


Multiplexer 
Device Selection 


corSiderations 


MU~iplexe.rs typi~ally 
require more inputs than outputs, 
so t~e devices with a large number of inputs and 1I0s are 
u~u 
lIy more useful. Careful consideration 
must also be 


give 
to the 
number 
of product 
terms 
available 
on 


eac 
output. 


sevt· ral multiplexers 
are often used simultaneously 
to 


rout 
multiple address and data bits, under the control of 


the 
ame select lines. In such cases, 
multiple 
devices 


can 
e cascaded 
when the number 
of inputs and out- 


puts exceeds 
device 
limits. Cascading 
is also possible 


for large multiplexers 
that do not fit in a single device. 
In 


sucXcases, 
the select bits should also be judiciously 
se- 


lect 
d 
for 
each 
PLD, 
to 
minimize 
the 
number 
of 


prod 
ct terms. 


Anofer 
common 
trick for designing 
a multiplexer 
is to 


con 
ect a number 
of outputs 
together 
and control 
the 


outp 
t enables 
using the select bits to multiplex 
data. 
Timipg considerations 
for such designs 
include the out- 


put enable and disable times, which should be carefully 
selected 
to avoid output contentions. 
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Comparators 


A comparator 
is a combinatorial 
circuit designed 
primar- 


ily to compare 
the 
relative 
magnitude 
of two 
binary 


numbers. 
Table 5 shows the truth table for a two-bit co- 


mparator. 


Inputs 
Outputs 


A 
B 
EQl 
lES 
GTR 


A2 
Al 
B2 
Bl 
A:B 
AcB 
A>B 


0 
0 
0 
0 
1 
0 
0 


0 
0 
0 
1 
0 
1 
0 


0 
0 
1 
0 
0 
1 
0 


0 
0 
1 
1 
0 
1 
0 


0 
1 
0 
0 
0 
0 
1 


0 
1 
0 
1 
1 
0 
0 


0 
1 
1 
0 
0 
1 
0 


0 
1 
1 
1 
0 
1 
0 


1 
0 
0 
0 
0 
0 
1 


1 
0 
1 
0 
1 
0 
0 


1 
0 
1 
1 
0 
1 
0 


1 
1 
0 
0 
0 
0 
1 


1 
1 
0 
1 
0 
0 
1 


1 
1 
1 
0 
0 
0 
1 


1 
1 
1 
1 
1 
0 
0 


A basic 
comparator 
compares 
two 
numbers 
only for 


equality, 
and 
generates 
the 
EQL 
signal 
(indicating 


A=B). 
An extension, 
called 
a magnitude 
comparator, 


also 
generates 
the 
LES signal 
(indicating 
A<B) 
and 


GTR signal (indicating 
A>B). Based on this truth table, 


the equations for the three output signals EQL, LES and 
GTR can be easily derived. 
These 
equations 
can then 


be 
optimized 
by 
using 
Boolean 
algebra, 
Kamaugh 


maps, 
or the 
minimization 
routine 
available 
with the 


software. 


I 
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The 
inal Boolean 
equations 
are: 


EQL 
/A2* 
/Al 
* /B2 
* /Bl 


+ /A2 
* 
Al* 
/B2 
* 
Bl 


+ 
A2* 
/Al 
* 
B2 
* 
/Bl 
+ 
A2 
* 
Al 
* 
B2 
* 
Bl 


LES 
/A2 
* 
/Al 
* /B2 
* 
Bl 


+ /A2 
* 
/Al 
* 
B2 
* 
IBI 


+ /A2 
* 
/Al 
* 
B2 
* 
Bl 


+ /A2 
* 
A 
* 
B2 
* 
/Bl 


+/A2 
* 
Al 
* 
B2 
* 
Bl 


+ A2 */Al 
* 
B2 
* 
Bl 


/Al 
* 
/B2 
* 
Bl 


+ /A2 
* 
/Al 
* 
Bl 


+ /A2 
* 
B2 


GTR 
/A2 
* 
Al 
* /B2 
* 
/Bl 


+ 
A2 
* 
/Al 
* /B2 
* 
/Bl 


+ 
A2 
* 
Al 
* /B2 
* 
/Bl 
+ 
A2 
* 
/Al 
* /B2 
* 
Bl 


+ 
A2 
* 
Al 
* /B2 
* 
Bl 


+ 
A2 
* 
Al 
* 
B2 
* 
/Bl 


* /Bl 
* /Bl 


/Al 
* 
/B2 


+ /A2 
* 
Al 


I 
+ /A2 
* 
/B2 


co1 


parator Device Selection 


Co siderations 


The 
umber of product terms needed is directly 
related 


to th 
number of bits compared. 
For LES (less than) and 


GTR 
(greater 
than) 
functions, 
the number 
of product 


term 
required 
depends 
upon the number of bits in the 


two operands 
compared, 
as well as their value. The LES 


and <STR equations 
can be written as follows: 


B2 
* 
/A2 


+ 
(B2 : +: / A2 ) 


GTR 
A2 
* 
/B2 


I 
+ 
(A2 :+: /B2) 
* 
Al*/Bl 


These 
equations 
can then be extended 
for a general 


comparison 
of n-bit comparands 
as follows: 


Bn 
* 
/An 


+ (Bn : +: / An) 
+ (Bn : +: / An) 
*Bn-2 
*/ An-2 


*Bn-l 
* 
/An-l 


* (Bn-1 : + : / An-1 ) 


+ 
(Bn :+: /An) 
*(Bn-l:+:/An-l) 
... 
(B2 :+: /A2) 
* 
Bl 
* 
/Al 


GTR 
An 
* 
/Bn 
+ (An :+: /Bn) 
*An-l 
* 
/Bn-l 


+ (An :+: /Bn) 
*(An-l:+:/Bn-l) 
* 


An-2 
*/Bn-2 


+ (An : +: /Bn) 


(A2 :+: 
/B2) 


*(An-l:+:/Bn-l) 
... 


* 
Al * /Bl 


The total number of product terms required 
for an n-bit 


comparison 
is 2"-1. 
Comparators 
required a large num- 


ber of product terms so, devices that offer many product 
terms can be used very effectively. 


As is obvious 
from these 
equations. 
comparators 
re- 


quire 
exclusive-OR 
functions. 
They can be efficiently 


implemented 
in devices 
that offers exclusive-OR 
func- 


tions but, can still be implemented 
in those devices that 


do not. 


The values 
of the comparands 
themselves 
affect the 


number of product terms used. When the comparison 
is 


made with comparands 
which 
are power-of-two 
num- 


bers, 
the 
number 
of product 
terms 
required 
can 
be 


reduced 
drastically. 
This essentially 
relies on the fact 


that when the lower bits of a comparand 
are all zeros 


only the highest 
bit needs 
to be compared, 
requiring 


only one product term. For example, 
in a two-bit compa- 


rator, if A 1 is zero and A2 is one, the equation 
for the 


greater-than 
function becomes very simple and requires 


only one product term: 


GTR = /B2 


The general 
equation 
for the GTR signal can also be 


simplified when comparing 
a number B to a fixed power- 


of-two comparand 
A with p least significant 
zeros. 


000010000 
n 
p 


GTR = 
/Bn 
*/Bn-l 
... 
*/Bp+l 
*/Bp 


This general 
GTR equation 
can also be considered 
as 


an equation for comparing 
a number to a range of num- 


bers extending 
from zero to number A. In fact, this trick 


is used very often 
by many 
system 
designers 
for ad- 


dress 
decoder 
functions. 
In 
the 
PLD 
design 


methodology 
section 
the ROMCS1 
signal 
is one such 


signal 
that 
is generated 
for the 
address 
range 
from 


(000000) hex to (OFFFFF) hex. Forthis design n=23. the 
comparand 
A=(OFFFFF 
+ 1)=100000. 
and p=21. Sub- 


stituting 
in the 
general 
equation 
we 
get 
the 
same 


address decoder 
Boolean 
logic equation. 


ROMCSI = 
/A23 
* /A22* 
/A21 


A 
such designs 
require few product terms and no XOR 


g~es, 
they 
are 
efficiently 
implemented 
on standard 


combinatorial 
PLDs. 
A 
general 
form 
of 
range 
co- 


mirators 
with 
two 
boundary 
comparands 
will 
be 


di cussed 
later. 


T e third 
output 
signal 
is the 
EQL signal. 
The 
EQL 


B 
lean equation 
tells us whether the two numbers 
are 


id~ntical. 
Such information 
is useful not only in address 


decoders, 
but also in digital signal processing 
designs. 
T~is equation 
requires a large numberof 
product terms. 


A ~loser examination 
reveals that it is essentially 
an ex- 


cl sive-OR 
function. 


IA2 
* 
IB2 
* 
(/Al 
* IBI 
+ Al 
* Bl) 


+ A2 
* 
B2 
* 
(/Al 
* IBI 
+ Al 
* Bl) 


(Al:*:Bl)* 
(A2:*:B2);Exclusive-NOR 
;function 


+ (A2:+:B2); 
Exclusive-OR 
; function 


Th s equation 
can be extended 
to give a general 
equa- 
tio~ for equal-to 
comparison 
for two n-bit comparands. 


IE 
L 
(An 
:+: Bn) 
+ 
(An-l 
:+: Bn-l) 
+ 
(An-2 
:+: Bn-2) 
+ 
(An-3 
:+: Bn-3) 
+ 
+ 
+ 
(AI 
:+: 
Bl) 


This inverted 
equation 
is implementable 
in the sum-of- 


products form of the exclusive-OR 
functions, 
and can be 


ea~i1Y expanded 
to the following: 


IE~L 
= Al 
* 
IBI 
+ 
IAI 
* Bl 
+ A2 
* 
IB2 
+ 
IA2 
* B2 
+ A3 
* 
IB3 
+ 
IA3 
* B3 
+ 
+ 
+ An 
* IBn 
+ 
IAn 
* Bn 


ThiS gives us a general 
sum-of-products 
form of a co- 
mp~rator 
equation 
which 
is easily implemented 
in PAL 


devices. 
A n-bit comparator 
requires 
2n product terms. 
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Note that the EQL equation, 
as well as GTR and LES 


equations, 
rely upon the XOR function. 
Often the logic 


represented 
by the equations 
is implemented 
in two or 


more devices. 


Let us analyze 
these 
equations 
further. 
The LES and 


GTR outputs 
indicate 
whether 
one number 
is greater 


than or less that another. 
In fact, these 
equations 
can 


also be judiciously 
combined 
to get a comparison 
of a 


range of numbers such as A>X>B. 
Such range compari- 


sons are very useful for address 
decoder 
circuits. 


Range Decoders 


Range decoders 
implemented 
as address decoders 
are 


one of the most commonly 
used applications 
of PLDs in 


digital systems. 
A good example 
is the address decoder 


illustrated 
earlier. 
Range decoders 
compare 
a number 


(address) 
to a given range of comparands 
(addresses). 


One way to arrive at the range decoder 
Boolean 
equa- 


tions 
is to use 
the 
traditional 
truth 
table 
approach. 


Another way is to use the Boolean equations 
generated 


earlier 
in the comparator 
section 
for greater-than 
and 


less-than functions. 
To decode a range of three-bit 
num- 


bers from B to A, we must compare 
another 
number 
X 


such that A>X>B. 
The Boolean 
equations 
for the GTR 


(A>X) and LES (B<X) functions 
are illustrated 
below: 


A3 
*/X3 
+ 
(A3 
: +: IX3) 
+ 
(A3 
:+: 
IX3) 
IXI 


* 
A2* 
IX2 
* (A2:+: 
IX2 
*Al 
* 


x3 
* 
IB3 


+ 
(X3 
:+: 
IB3) 
+ 
(X3 
:+: 
IB3) 
*/BI 


* X2 
* 
IB2 
* (X2:+: 
IB2)* 
Xl 


Combining 
these two equations 
can give us a range sig- 


nal which will be asserted 
only when A is greater than X 


and X is greater 
than B. The combined 
Boolean 
equa- 


tion follows: 


RANG 
(A3 
* 
IX3 
+ 
(A3 :+: IX3) 
* 
A2 
* IX2 


+ 
(A3 :+: IX3) 
* (A2 
:+: 
IX2)*Al* 
IXl) 
* 
(X3* IB3 
+ 
(X3 :+: IB3) 
* 
X2 
* IB2 


+ 
(X3 :+: 
IB3 
* (X2 :+:/B2) 
* Xl 
*IBl) 


~AMD 


USi~ 
Boolean algebra we get the following equation: 


RANI 
= 


(A3 
:+:/X3) 
* 
(X3 
:+: 
/B3) 
* 
(A2 
:+: 
/X2)* 
Al 
* 
/X1 * 
x2 
* 
/B2 


+ 
(A3 
:+: /X3) 
* 
(X3 
:+: 
/B3) 
* 
(X2 
:+: 
/B2)* 
A2 
* 
/X2 * 
Xl 
* 
/B1 


+ 
(A3 
:+: /X3) 
* 
(A2 
:+: 
/X2) 
* 
Al 
* 
/X1 * 
x3 
* 
/B3 


+ 
(X3 
:+: /B3) 
* 
(X2 
:+: 
/B2) 
* 
A3 
* 
/X3 * 
Xl 
* 
/B1 


+ 
(A3 
:+: /X3) 
* 
A2 
* 
/X2 
* 
x3 
* 
/B3 


+ 
(X3 
:+: /B3) 
* 
A3 
* 
/X3 
* 
X2 
* 
/B2 


The peneral equation for n-bit comparands can also be 
obta ned by extending these equations. 


RAN 
(An 
* 
/Xn 


+ 
(An 
:+: /Xn) 
* 
An-1 
* /Xn-1 


+ 
(An 
:+:/Xn) 
* 
(An-1:+:/Xn-1) 
* 
An-2 
* 
/Xn-2 


+ 
+ 


+ 
(An 
:+: /Xn) 
* 
(An-1 :+: /Xn-1) 
... 
(A2 
:+: 
/X2)* 
Al 
* 
/X1) 


* 


(Xn 
* 
/Bn 


+ 
(Xn 
:+:/Bn) 
* 
Xn-1 
* /Bn-1 


+ 
(Xn 
:+:/Bn) 
* 
(Xn-1 :+: /Bn-1) 
* 
Xn-2 
* 
/Bn-2 


+ 
+ 
+ 


+ 
(Xn 
:+:/Bn) 
* 
(Xn-1: +: /Bn-1) 
... 
(X2 
:+: 
/B2)* 
Xl 
* 
/B1) 


The humber of product terms required is clearly very 
large!and can easily exceed one hundredfor an eight-bit 
range comparator. Most microprocessors have ad- 
dres~es which exceed 16 bits. In order to fit the design 
on a PALdevice, one commonly usedtechnique isto se- 
lect t~e address range defined by A and B such that the 
rangE(extends from address B+1 to A-1 , where A and 
B+1 ~re power-of-two numbers. Because the address 
space is aligned on the power-of-two boundaries, a 
numrler of bits of the address comparands will be zero. 
whet implemented in Boolean equations, this substan- 
tially Ieduces the number of product terms required. 


The *aXimum number of product terms required for a 
three bit range decoder shown above, with any com- 
para dvalues, is 28. lithe address chosen isfrom 2to 3, 
resu~inginA=4 and B=1,then only one producttermwill 
be required. 


RANG= /X3 
* X2 


Simi;tIY, for a range from one to five, B =1 and A = 6 (a 
mUltiqle-of-twO),and the number of product terms re- 
quired is only two. 


Thus, a careful selection of range boundaries allows 
such logic functions to be implemented easily in PLDs. 
Such reduction in logic obviously also holds true for dis- 
crete implementations. Most address decoders are 
designed with address ranges with boundaries that are 
power-of-two numbers, and require few product terms 
for implementation. 


For a power-of-two address range, the comparand A 
would be a power-of-two; 2, 4 or 8. These are numbers 
whose least significant bits are all zeros. Similarly, com- 
parand B will be a power-of-two number (minus one); 1, 
3, and 7. These are numbers whose least significant bits 
are all ones. Substituting these in the general equation 
for range comparators we arrive at: 


A 
0000100000000000 
n 
p 
1 


B 
0000000000011111 
n 
q 
1 


RANG 
/Xn 
* 
/Xn-1 
* 
* 
/Xp 
* 


(Xp-1 
+ Xp-2 
+ 
+Xq) 


RANG 
/X3 
* x2 


_1_+_X_3 
__*_/X_2 
_ 


5·34 


T is is a general 
equation 
for a power-of-two 
range 


cqmparison. 
In the 
address 
decoder 
example, 
the 


R0MCS2 
signal addresses 
the range from 100000 to 


11FFFF, 
in which 
case 
B=OFFFFF 
and A=2FFFFF. 


Hjre 
n=23, p=22, and q=21. The address decode equa- 


ti0ln for 
the 
ROMCS2 
signal 
can 
be 
arrived 
at by 


supstituting: 


ROMCS2 
= 
/A23 
* /A22 
* A2I 


TJiS is the same equation 
that was found from the truth 


t~~le. 


SJCh designs are very common for address decoder ap- 
plifitions. 
These 
do not require 
any XOR gates, 
and 


Cl 
be implemented 
in standard 
combinatorial 
PLDs 


w' h only sum-of-products 
logic. 


A ders/Arithmetic 
Circuits 


DiQital systems 
are designed 
to carry out a variety 
of 


ari\hmetic 
instructions 
on binary numerical data. A good 


ex~mple 
is the ALU (Arithmetic 
Logic Unit) used in digi- 


tal p'0mputers. 
The basic function of an ALU is that of an 


acl?er performing 
addition on two binary numbers. 
A bi- 


naf 
adder takes two inputs, adds them, and generates 


th 
binary sum. A full adder is a one-bit adder with carry- 
in 
nd carry-out; 
this is the basic building 
block of any 


ad, ing circuit. The truth table of such an adder is shown 
in Table 6. 


Table 
6. Truth 
Table 
for a Full Adder 


Inputs 
Outputs 


A 
B 
C'N 
Y 
COUT 


0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
1 
0 
1 
0 
0 
1 
1 
0 
1 


1 
0 
0 
1 
0 


1 
0 
1 
0 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 


.l 
Thlf 
truth table IS then used to form the Boolean 
equa- 
tions in the manner 
described 
earlier. 


A 
* 
/B 
*/Cin 
+ 
/A 
* 
/B 
* Cin 


+ 
A 
* 
B 
* Cin 
+ 
/A 
* 
B 
*/Cin 


A 
* 
Cin 


+ 
A 
* 
B 


+ 
B 
* 
Cin 


Lar 
er binary adders can be made by cascading 
these 


full 
dders. Each carry-out 
is directed to carry-in for the 


nex 
stage. Such adders are known as Ripple Adders. 
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Combinatorial 
PAL devices 
are ideal for this purpose, 


since they 
also provide 
internal 
feedback. 
Thus, 
one 


strong consideration 
in such designs is the internal feed- 


back capability 
of the device, in addition to other general 


device selection 
considerations. 


These ripple adders 
have the advantage 
that they can 


be cascaded to any length. However, 
since the carry-out 


from the least significant 
bit has to travel all the way to 


the highest 
significant 
bit, which 
can take a long time, 


such large adders 
are inefficient. 
Adders 
with built in 


carry-look-ahead 
circuitry 
can save time by simultane- 


ously generating 
the carry-in 
signal for all of the bits. 


Rewriting 
the equations 
for the full adder 
from 
above 


gives: 


Extending these equations 
for an n-bit carry-look-ahead 


adder, we can directly get the following 
equations: 


Y1 
Al :+: 
BI 
:+: 
co 


where 


co 
AO 
* 
BO 


+ 
(AO + BO) 
* Cin 


Y2 
A2 
:+: B2 :+: 
CI 


where 


CI 
Al 
* 
BI 


+ 
(AI + BI) 
* (AD 
* BO) 


+ 
(AI + BI) 
* (AD 
+BO) 
* Cin 


Y3 
+ 
A3:+: 
B3 
:+: 
C2 


where 


C2 
A2 
* 
B2 


+ 
(A2 + B2) 
+ 
(A2 + B2) 
+ 
(A2 + B2) 
* Cin 


* 
(AI 
* 
(AI 
* 
(AI 


* BI) 
+BI) 
* 
(AD * BO) 
+BI) 
* 
(AO+ BO) 


Yn 
= 
An:+: 
Bn 
:+:Cn-I 
and 
Cn-I 
=An-I 
*Bn-I 


+ 
(An-I 
+Bn-I) 
*(An-2 
* 
Bn-2) 
+ 
+ 
+ 
(An-I 
+Bn-I) 
* 
* 
(AO 
+ 
BO) 
* Cin 


An 
* 
Bn 
(An + Bn) 
* (An-l 
*Bn-l) 


(An + Bn) 
* (An-l 
+Bn-l) 
* 
(An-2* 
Bn-2) 


The 
e equations 
are essentially 
a combination 
of the 


trad· ional generate 
and propagate 
logic for ALU design. 


Adder Device Selection Considerations 


The number of product terms required for implementing 
a ca{ry-IOOk-ahead 
adder 
is enormous. 
The carry-out 


fu~on 
alone for a four-bit 
carry-look-ahead 
adder re- 


quires 
over 
36 product 
terms 
in the sum-of-products 


form 
For a single-level 
AND-OR 
implementation 
the 


numt>er of product 
terms 
required 
for the most signifi- 


cant bit Y3 is 28. 


A Jic 
trick lies in the bit-pair 
decoding 
function. 
All of 


the bits of the first operand 
in the registers 
(A) and the 


seco; 
operand 
at the inputs (B) are bit-pair decoded. 
As ill strated 
in Figure 6, the results of this bit-pair de- 


codi 
g are A + B, A + /B, /A + B, and /A + /B. These 


outP4ts are then fed to the AND array as inputs. 


Input 


A 


I B 
Ferdback 


Bit-Pair 
Decoding 


A+B 


_I Figure 6. Bit-Pair-Decoding 
Function 


SixteJn AND combinations 
of these four inputs can then 


be for(Tled on every product term of the AND-OR 
array. 


These are shown in Figure 7, and include the standard 
true 'Td 
complements 
of both the bits as well as XOR< 


XNO~ 
and various other combinations. 
This bit pair de- 


coding essentially 
provides 
an extra two-level 
AND-OR 


logic level before the AN D-OR array. The cost as well as 


extra propagation 
delay of the extra logic level is mini- 


mal, since the array size does not increase. 


The equations 
for the adder can obviously 
benefit from 


multi-level 
logic. The bit-pair 
decoding 
can be used to 


implement 
the first two levels of logic. The next level of 


logic can be implemented 
in the standard 
AND-OR 
ar- 


ray. 
Every 
product 
term 
of the 
AND-OR 
array 
can 


combine 
one of the sixteen possible 
functions 
of differ- 


ent inputs/feedbacks 
of the device. 


The product terms are then combined 
together 
through 


an OR gate to implement 
the CARRY -OUT 
function, 


shown 
in Figure 8. For adder outputs 
YO, Y1, Y2, and 


Y3, the product 
terms 
are combined 
through 
an XOR 


gate, as shown in Figure 9. 


Figure 7. Sixteen 
Possible 
Input Logic 


Combinations 


A3" B3 


(A3 + B3) " A2 " B2 


(A3 + B3)" (A2 + B2)" Al "Bl 


(A3 + B3)" (A2 + B2)" (Al + Bl) " AO" BO 


( 3 + B3)" (A2 + B2)" (Al + Bl)" 
(AO" BO)" C;n 


I r 
I 
j2 
I i 


1 
I r 
I 
Bit Pair II 
Bit Pair II 
Bit Pair II 
Bit Pair I ~~ 
Decoding 
Decoding 
Decoding 
Decoding 


,Carry-Out 
./ 


(I') 
M 
C') 
('f) 
CD 
ICD 
CDICD 


+ 
+ 
+ 
+ 


M 
('f') 
M 
M 
< 
< 
1<1< 


NN('IJN 
CD 
lID 
CD 
lID 
+ 
+ 
+ 
+ 
(\JNC\lN 
< 
< 
1< 1< 


m 
1m mlm 
+ 
+ 
+ 
+ 
< 
< 
1< 1< 


g 
,lil g g 
+ 
+ 
+ 
+ 
~ 
~ I~ I~ 


A3 * 83 
(A3 + 83) " A2 " 82 
(A3 + 83)" 
(A2 + 82)" 
A1 " 81 


(A3 + 83) * (A2 + 82) * (A1 + 81) * AO * 80 
(A3 + 83) * (A2 + 82) * (A1 + 81) * (AO * 80) * C;n 


Figure 8. Implementation 
of CARRY-OUT 
Function 


I r 
I 
j2 
I 
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I Bit Pair II 
Bit Pair I I Bit Pair II 
Bit Pair I 
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Decoding 
Decoding 
Decoding 
Decoding 
~ 


(A2" B2) 


(A2 + B2)" (At" 
Bl) 


(A2+B2)"(Al 
+Bl)"(AO"BO) 


( 2+B2)"(Al 
+Bl)*(AO"BO)"C;n 


D- 


C"') 
('f') 
('f') 
(') 


CD 
lID 
CD 
lID 


+ 
+ 
+ 
+ 


C"') 
M 
C"') 
C") 
< 
< 
1< 1< 


C\J 
C\J 
C\J N 
CD 
lID 
CD 
lID 


+ 
+ 
+ 
+ 
N 
N 
N 
N 
< 
< 
1<1< 


m 
ICDmlCD 


+ 
+ 
+ 
+ 


< 
< 
1< 1<: 


ill Ig gig 
+ 
+ 
+ 
+ 
~ 
~ I~ I~ 


Y3 
A3:+:83 


:+: 
(A2 * 82) 
+(A2 + 82) * (A1 * 81) 
+(A2 + 82) * (A1 + 81) * (AO * 80) 
+(A2 + 82) * (A1 + 81) * (AO * 80) * C;n) 


Late es 


PAL 
evices are often used to implement 
latches. One 


of the most common 
uses for a latch is as a temporary 


storale 
for data or addresses. 
PLD-based 
latches 
are 


often 
sed in address 
decoders 
to assert the decoded 


signa 
for long durations. 
These 
latches 
are also very 


usefu 
for asynchronous 
digital designs, 
and are used 


often 
or control 
and arbitration 
functions. 


A latc h is essentially 
a simple 
combinatorial 
circuit 
in 


which the output 
is a function 
of inputs and feedback. 
The 
Post commonly 
used 
latch 
is the 
D-type 
latch. 


Wher the control signal latch-enable 
(LEN) is HIGH, the 


latch i 
in the "transparent 
mode" and the input signal /0 


is ava lable at the outputs. When the LEN signal is LOW, 
the in ut data is latched on the outputs 
and is retained 


until L 
N goes back HIGH. In a typical address decoder, 


the in ut will be a combination 
of various 
address 
sig- 


nals, 
decoded 
as 
explained 
earlier 
for 
range 


comp 
rators. The latching 
signal in most microproces- 


sors i called AS (address 
strobe) or ALE (address latch 


enabl 
). 


The t uth table for a latch can be derived 
directly 
from 


this fl nctional 
description, 
and is shown in Table 7. 


Table 
7. Truth 
Table 
of a Simple 
Latch 


Inputs 
Outputs 


I> 
LEN 
10 


1 
0 


1 
1 


o 
10 (previous) 


The E 
olean equations 
for this latch can be directly de- 


rived 
rom the truth table: 


/Q = /D * 
LEN 
+ 
/Q 
* 
/LEN 


The 
I gic 
implementation 
for 
this 
latch 
is shown 
in 


Figun 
10. 


Hazards 


Even when a combinatorial 
circuit 
has been designed 


correctly, 
it may still have 
erroneous 
outputs 
due to 


"hazards." 
Hazards 
exist because 
physical 
circuits 
do 


not behave 
ideally. Combinatorial 
complementary 
out- 


put functions 
based 
on the 
same 
inputs 
are 
prime 


candidates 
for such hazards. 
As the input changes, 
the 


two outputs will not respond 
simultaneously. 
Although 


this will not change the steady-state 
output of the circuit, 


it may cause a spurious pulse or a "glitch." Such hazards 
are even more dangerous 
in latches, 
where 
the glitch 


can cause incorrect 
data to be latched. 


There 
are two types 
of hazards, 
static 
and dynamic. 


Static 
hazards 
occur when the steady-state 
output 
of 


combinatorial 
logic is not supposed 
to change 
due to an 


input transition, 
but a momentary 
change 
does occur. 


Such a glitch can be further classified 
as a static 1 or a 


static 0 hazard as shown in Figure 11. 


Dynamic 
hazards 
involve situations 
where the steady- 


state 
output 
is supposed 
to change 
due to an input 


transition. 
The hazard occurs when the transient 
output 


changes 
several times before settling. 
Figure 12 shows 
dynamic 
hazards. 


A Karnaugh 
map is a very good way of detecting 
hazard 


conditions. 
When trying to detect 
a static 0 or static 1 


hazard, only the mapping of the zeros and the ones, re- 
spectively, 
are 
required. 
For 
example, 
the 
latch 


equations 
in Figure 10 can be mapped 
to a Karnaugh 


map shown in Figure 13. The relationship 
between 
the 


Karnaugh 
mapping 
and the Boolean 
equation 
product 


terms is also illustrated. 


DLEN 


Q 
00 


H tes: 


1. O=O'LEN 
2. 
+ O'LEN 


Static 1 
Hazard 


Figure 13. Karnaugh 
Map for Transparent 
Latch 


I 
Design 


Th~ possibility 
of a hazard exists when the signal LEN 


ch.fnges.lnitially, 
when D and LEN are HIGH, the output 


Q IS also HIGH. When LEN switches to LOW, it is possi- 
bl~ for the 
output 
to go 
LOW 
momentarily. 
This 
is 


because 
when LEN goes LOW the first product term is 


disrbled, 
and to maintain 
the output HIGH the second 
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product term should be enabled 
exactly at the same in- 
stant. 
Due 
to 
the 
uneven 
gate 
delays 
or 
routing 


conditions 
on board, these two events will not take place 


simultaneously. 
This is a static 1 hazard. 
It can also be 


identified 
directly 
in the Karnaugh 
map by the two adja- 


cent but disjoint sets of ones, grouped together to form a 
product term each. 


The 
hazard 
conditions 
can be easily 
avoided 
in the 


PLDs by providing 
an extra cover 
product 
term. 
This 


product term is shown with a dotted line in the Karnaugh 
map. This third product 
term will keep the output 
as- 


serted during the transition 
of the LEN signal, when the 


control 
changes 
from the first product 
term to the sec- 


ond. The modified 
Boolean 
equation 
is shown below. 


IQ 
ID * 
LEN 
+ 
IQ 
* 
ILEN 
+ ID * IQ 
(Cover 
product 
term) 


Devices on which latches are implemented 
need to pro- 


vide output feedback. 
All devices 
with I/O pins provide 


this necessary 
feedback. 
The only other consideration 


for selecting a device would be the provision 
of sufficient 


number 
of product 
terms for addressing 
the needs of 


glitch-free 
and testable 
design. 


1istered 
LogicDesign 


INTIlODUCTION 


In the previous 
section we discussed 
combinatorial 
de- 


signs 
circuits whose 
outputs 
are totally independent 
of 


any s~stem clock. In this section we will discuss sequen- 
tial ci cuits, where 
outputs 
store their previous 
values 


until 
new clock is applied. The storage elements which 


retain the previous 
output values are called flip-flops. 
A 


bank of these flip-flops 
forms a register, 
although 
indi- 


Vidual flip-flops 
are often called registers. 


Befor~ we discuss purely registered 
designs, 
let us take 


a 100 
at designs 
which 
combine 
both registered 
and 


comb natorial 
portions. 
Registered 
and combinatorial 


outpu s are often mixed on a single device. There can be 
two di~tinct designs, one registered 
and one combinato- 
rial (often glue logic) combined 
on a single device 
for 


highe 
integration. 
There may also be a design require- 
ment tyhere registered 
outputs 
need to be decoded 
us- 


ing combinatorial 
logic. 


Theretre 
a number of devices which provide both regis- 


tered 
nd combinatorial 
outputs. 
Most devices 
provide 


progr 
mmable 
register bypass, which allows outputs to 


be prqgrammed 
as registered 
or combinatorial. 


In most design software 
packages, 
the output registers 


are signified by the ":=" assignment 
symbol, as opposed 


to the "=" sign for a combinatorial 
output. This helps to 


easily 
identify 
registers 
in each 
equation. 
In devices 


which provide 
outputs 
configurable 
as either registered 


or co 
I,binatorial, this sign is also used by the software to 


configure 
the outputs. 


General Device Selection Considerations 


The Slime set of general 
device 
selection 
considera- 


tions discussed 
in the PLD design methodology 
section 


apPIY~ 
registered 
designs. 
The list of items which must 


be co 
sidered is repeated in Figure 1 for convenience. 
A 


devic 
can be conveniently 
selected 
based 
upon the 


spec if 
input and output requirements. 


ber of input pins 


ber of output pins 


• 
Number of product terms 


• 
Output polarity control 


Figure 1. General Device Selection Considerations 


Maximum Frequency 


For registered 
designs, 
speed 
is a parameter 
which 


needs 
careful 
consideration. 
Most 
combinatorial 
de- 


signs use the propagation 
delay (tPD) for ensuring 
that 


enough time is allowed forthe 
data from the inputs to ap- 


pear at the outputs. 
In registered 
designs 
the effects of 


the clock must be taken into account. 
This is reflected in 


the maximu m frequency 
(fMAX) parameter. 
The flexibility 


inherent 
in PLD design provides 
a choice 
of configura- 


tions 
from 
which 
different 
fMAX parameters 
can 
be 


calculated. 


In the first type of design, 
the PLD is used for a stand- 


alone registered design. In order to decide the next logic 
level of the registers, the present 
logic level needs to be 


available 
at the inputs of the registers 
before they are 


clocked (Figure 2.) Under these conditions 
the clock pe- 


riod is limited by the internal delay from the flip-flop out- 
puts 
through 
the 
internal 
feedback 
and 
logic 
to the 


flip-flops 
inputs. This fMAXis designated"fMAX 
internal." 


A simple internal counter 
is a good example 
of this type 


of 
design, 
therefore, 
this 
parameter 
is 
sometimes 


called '1CNT." 
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Th 
second type of system configuration 
is when a num- 
ber of logic devices 
with registers, 
including 
PLDs, are 


clo ked with a common 
clock. This is probably the most 


pre 
alent configuration. 
In this case, the registered 
out- 
put 
are sent off-chip 
back to the device inputs or to the 


inp ts of a second device. The slowest path defining the 
per od (Figure 3) is the sum of the clock-to-output 
time 


an 
the input setup time forthe 
external signals (ts+teo). 


Th 
reciprocal, 
fMAx, is the maximum 
frequency 
with ex- 


ter 
al feedback 
or in conjunction 
with 
an equivalent 


sp ed device. 
This fMAx is designated 
'1MAXexternal." 


Is -+-Ic0--M 


fMAx EXlernal:l/(ls + lea) 


Th 
third type of design 
is a simple data path applica- 


tio 
. In this case, input data is presented, 
to the flip-flop 


an 
clocked; 
no feedback 
is employed 
(Figure 4). In this 


ca e, the period is limited by the sum of data setup time 
an 
data hold time (tS+tH). However, the minimum clock 


pe od (twH + tWL) is usually 
a stricter 
limit. Thus, the 
thir 
fMAx designated 
'1MAX no feedback" 
will be the 
les er of 1/ (ts + tH) or 1/ (tWH+ tWL). 


fMAX 
No Feedback: 1/{ls + IH)or 1/{IWH+ IWL) 


Figure 
4. fMAX with 
No Feedback 


fMAXexternal 
and fMAx no feedback 
are calculated 
pa- 


rameters. 
fMAx internal 
is measured. 


Flip-Flop Types 


There are four basic types of flip-flops; 
S-R, J-K, T and 


the popular 
D-type. 


In this section, we will assume that the reader is familiar 
with these flip-flops. 


Almost all registered 
PLDs provide the basic D-type flip- 


flops. 
D-type flip-flops 
are the simplest 
to design 
with 


and will be used throughout 
this section. 
Some 
PLDs 


provide the capability 
of configuring 
output registers 
as 


either D, T, J-K or S-R. Configurable 
flip-flops 
in some 


cases can reduce the number of product terms required 
for certain 
designs. 
The effect of the configurable 
flip- 


flops will be discussed 
wherever 
relevant. 


Synchronous vs. Asynchronous 


Registered 
designs 
can be easily 
classified 
into two 


categories; 
synchronous 
and 
asynchronous. 
In syn- 


chronous 
designs the clock inputs of all the registers are 


tied togetherto 
a common clock. With asynchronous 
de- 


signs, 
the flip-flops' 
clock 
inputs 
may 
not be tied to- 


gether, and the clocks may be gated or even driven by 
other flip-flops. 
We will first discuss 
synchronous 
regis- 


tered 
designs 
and 
then 
asynchronous 
registered 


designs. 


Synchronous 
Registered Designs 


Synchronous 
registered 
designs 
are used for two major 


functions: 
data handling 
and control. 
Registered 
syn- 


chronous 
designs 
for data 
handling 
include 
counters 


and shift registers. 
There are various types of counters. 


Some are; binary counters, 
modulo counters, 
Johnson 


counters, 
and Gray-code 
counters. 
These counters 
are 


differentiated 
by the sequence 
of values through 
which 


the counter travels. A binary counter 
is the simplest form 


of a counter, 
and is used most often for data functions. 


Any system 
requiring 
a regular 
count 
uses 
a binary 


counter. 
Modulo, Gray-code, 
and Johnson 
counters 
are 


also used for control. 


All counters are actually subsets of a larger class of digi- 
tal designs 
called state machines. 
State machines 
are 


discussed 
in detail in the next chapter of this handbook. 


Counters 


Counters 
are the most commonly 
used sequential 
cir- 


cuits. A set of registers, 
that cycles through 
a predeter- 


mined, 
unvarying 
sequence, 
is called 
a counter. 
A 


general 
model of a synchronous 
counter 
is illustrated 
in 


Figure 5. This shows a common clock to all the flip-flops, 
whose outputs are fed back to a combinatorial 
logic ar- 


ray called 
the 
next-state 
(count) 
decoder. 
The 
next 


count is generated 
by this logic based upon the present 
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cou~t and control 
inputs. Most PLDs use the standard 


sum-of-products 
form of array for this logic. 


The relationship 
between 
a four-bit counter 
and its sig- 


nal~'ming 
diagram 
is illustrated 
in Figure 6. The count- 


ers 
an also be represented 
by state diagrams 
(Figure 


7). 
e state diagrams 
are bubble-and-arrow 
diagrams. 


I 


Each bubble represents 
a count value and each arrow a 


transition 
from one count 
to the next. 
More 
detail 
on 


state diagrams 
is given in the next chapter on state ma- 


chine design. 
For counters, 
the state diagrams 
are a 


convenient 
representation 
tool and will be used in the 


discussion 
when necessary. 
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Binary Counters 


Le, us examine 
a four-bit binary counter. The truth table 


(also called 
the transition 
table) 
for such a counter 
is 


givr.n in Table 1. The table lists the next state values of 
all1he output registers based upon their present values. 


Table 1. The Truth Table for a Four-Bit Binary 


Counter 


Present State 
Next State 


X3 
X2 
X1 
XO 
X3 
X2 
X1 
XO 


0 
0 
0 
0 
0 
0 
0 
1 


0 
0 
0 
1 
0 
0 
1 
0 


0 
0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
1 


0 
1 
0 
1 
0 
1 
1 
0 


0 
1 
1 
0 
0 
1 
1 
1 


0 
1 
1 
1 
1 
0 
0 
0 


1 
0 
0 
0 
1 
0 
0 
1 


1 
0 
0 
1 
1 
0 
1 
0 


1 
0 
1 
0 
1 
0 
1 
1 
1 
0 
1 
1 
1 
1 
0 
0 


1 
1 
0 
0 
1 
1 
0 
1 


1 
1 
0 
1 
1 
1 
1 
0 


1 
1 
1 
0 
1 
1 
1 
1 


1 
1 
1 
1 
0 
0 
0 
0 


We j:lerive Boolean 
equations 
for each bit directly from 


the above truth table by collecting 
all the product terms 


whe e outputs 
are asserted 
HIGH (ones). This yields: 


X3 
IX3 
* 
x2 
* 
Xl 
+ 
X3 
* 
IX2 
* 
IXl 
+ 
X3 
* 
IX2 
* 
IXl 
+ 
X3 
* 
IX2 
* 
Xl 
+ 
X3 
* 
IX2 
* 
Xl 
+ 
X3 
* 
X2 
* 
IXl 
+ 
X3 
* 
X2 
* 
IXl 


+ 
x3 
* 
X2 
* 
Xl 


X2 
•= 
IX3 
* 
IX2 
* 
Xl 
+ 
IX3 
* 
X2 
* 
IXl 
+ 
IX3 
* 
x2 
* 
IXl 
+ 
IX3 
* 
X2 
* 
Xl 
+ 
x3 
* 
IX2 
* 
Xl 
+ 
X3 
* 
X2 
* 
IXl 
+ 
X3 
* 
X2 
* 
IXl 
+ 
X3 
* 
X2 
* 
Xl 


Xl 
IX3 
* 
IX2 
* 
IXl 
+ 
IX3 
* 
IX2 
* 
Xl 
+ 
IX3 
* 
x2 
* 
IXl 
+ 
IX3 
* 
X2 
* 
Xl 
+ 
X3 
* 
IX2 
* 
IXl 
+ 
x3 
* 
IX2 
* 
Xl 
+ 
X3 
* 
X2 
* 
IXl 
+ 
X3 
* 
X2 
* 
Xl 


XO·= 
IX3 
* 
IX2 
* 
IXl 
+ 
IX3 
* 
IX2 
* 
Xl 
+ 
IX3 
* 
IX2 
* 
IXl 
+ 
IX3 
* 
X2 
* 
Xl 
+ 
X3 
* 
IX2 
* 
IXl 
+ 
X3 
* 
IX2 
* 
Xl 
+ 
x3 
* 
X2 
* 
IXl 


+ 
X3 
* 
x2 
* 
Xl 


* 
xO 
* 
IXO 
* 
XO 
* 
Ixo 
* 
xO 
* 
IxO 
* 
XO 
* 
Ixo 
* 
XO 
* 
IXO 
* 
XO 
* 
Ixo 
* 
xO 


* 
IXO 
* 
xO 
* 
IXO 
* 
xO 
* 
IxO 
* 
XO 
* 
Ixo 
* 
XO 
* 
IXO 
* 
XO 
* 
IxO 
* 
Ixo 
* 
IXO 
* 
IXO 
* 
IXO 
* 
IxO 
* 
Ixo 
* 
IxO 
* 
IXO 


The~ 
Boolean 
equations 
are for devices 
with active- 


HIG 
outputs. 
These equations 
can be inverted for de- 


vices with active LOW outputs. 
The Boolean equations 


for aytive-LOW 
devices 
can 
also 
be directly 
derived 


from the truth table by collecting 
all the product 
terms 


whert 
the active-LOW 
outputs 
(zeros) are asserted. 


Manipulating 
the equations 
with Boolean 
algebra, 
we 


obtai~ the Boolean 
logic equations: 


~~j: ~X: 
:+: XO 


X2 
j= 
X2 
:+: 
(Xl 
*xO) 


X3 
:= 
x3 
:+: 
(X2 
* Xl 
* XO) 


Similarly, for active-LOW 
output devices (since I(A :+: B) 


= IA: 
: B): 


IxO 
XO 


IXl 
IXl: 
+: 
XO 
IX2 
IX2 
:+: 
(Xl 
*xO) 
IX3 
IX3 
:+: 
(X2 
* Xl 
* XO) 


These 
equations 
could 
also 
be 
obtained 
from 
the 


Boolean equations 
developed 
for an adder in the combi- 


natorial design section. 


Rewriting 
the equations 
for an adder: 


xO 
= 


Xl 
= 


where 


AO 
: +: 
BO : +: Cin 


Al 
:+: Bl 
:+: co 


X2 
A2 
:+: 
B2 
:+: 
Cl 


where 


Cl 
Al 
* 
Bl 
+ 
(Al 
+ Bl) 
+ 
(Al 
+ Bl) 
* 
(AO * BO) 
* 
(AO + BO) 
* 
Cin 


X3 
A3: 
+: 
B3 
: +: 
C2 


where 


A2 
* 
B2 


(A2 
+ B2) 
(A2 + B2) 
* 
Cin 


+ (A2 
+ B2) 
* (Al 
* 
Bl) 
* 
(Al 
+ Bl) 
*(AO 
* BO) 
* 
(Al 
+ Bl) 
* (AO * BO) 


Assuming 
one of the operands 
in the adder is the num- 


ber itself 
and the 
second 
operand 
is one 
(X3-XO 
= 


A3-AO, B3-BO = 0001 and Cin = 0) we get the following 
equations 
for a counter: 


xO 
IXO 
Xl 
Xl: 
+: 
XO 
X2 
X2 
:+: 
(Xl 
*xO) 
X3 
X3 
:+: 
(X2 
* Xl 
* XO) 


These are, of course, 
the same equations 
as the ones 


derived directly from the truth table. The equations 
for a 


binary counter 
are very regular. 
The general 
equation 


for an n-bit binary counter 
can be directly 
expressed: 


Xn 
:= Xn 
:+: 
(Xn-l* 
Xn-2 
... 
XO) 


For 
devices 
with 
active-LOW 
outputs, 
the 
general 


Boolean 
equations 
can be derived 
by inverting 
both 


sides of the equation: 


IXn 
:= 
IXn 
:+: 
(Xn-l* 
Xn-2 
... 
XO) 


These equations 
represent 
a binary UP counter. 
Count- 
ing backwards 
for a DOWN counter, the Boolean 
equa- 


tions can be similarly 
generated, 
either from the truth 


table or from the adder Boolean equations. 
The general 


equation 
for a DOWN counter 
is: 


Xn 
:= Xn 
:+: 
(/Xn-l* 
IXn-2 
... 
IxO) 


This 
equation 
is for active-HIGH 
outputs. 
For active- 


LOW output devices the Boolean 
equation 
for a DOWN 


counter 
is: 


Furt 
er control functions 
can be added to these counter 


equ 
tions directly either at the truth-table 
stage or in the 


equ 
tions. For example, 
a load data function 
is required 


in m, st counters. 
This allows registers to be loaded with 


a c unt 
under 
the 
control 
of 
another 
input 
signal 
(LO 
D). When the LOAD signal is HIGH the counter 
is 


load 
d with the input data, and when the LOAD signal is 


LO 
the counting 
is resumed. 


Bin ry Counter Device Selection 
Co siderations 


One major device 
selection 
consideration 
is the logic 


requirement. 


TheLinary 
counter 
Boolean equations 
make use of ex- 


Clus~te-OR functions 
in the output. 
In most of the regis- 


tere 
PLDs, the XOR functions 
are implemented 
in their 


sum of-products 
logic 
form. 
This 
usually 
requires 
a 


larg 
number of product terms. 
Most standard 
PAL de- 


vicef 
provide 
eight product terms per output. However, 
for l"I.rger counters, 
a greater numberof 
product terms is 


d 
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Binary counters can be easily cascaded 
into two or more 


devices to construct 
such large counters. 
The design of 


long counters 
is very simple. 
These 
are designed 
as 


simple binary counters 
with a count enable control. The 


less significant 
counters generate 
an extra output signal 


at the penultimate 
count. These signals are ANDed to- 
gether to form the count 
enable 
signal for the higher- 


order counter. 
For a down counter the reverse scheme 
is implemented. 


Cascading 
counters 
is a lot easier than cascading 
ad- 


ders because 
the carry-look-ahead 
circuitry 
is not re- 


quired. 
The only thing 
to remember 
is that the more 


significant 
counter 
toggles 
only when 
the penultimate 


count of all of the less significant 
counters 
is reached. 


Flip-Flop selection 


Until now, all the designs 
have been implemented 
in de- 


vices with D-type flip-flops. 
What happens 
if the counter 


design is implemented 
in a device that allows both J-K 


and T-type 
registers? 
The Boolean 
logic equations 
for 


such a design can be derived 
from the truth table 
This 
requ re 
. 


Sorr 


requires advanced 
knowledge 
of the functionality 
of the 
e PLDs provide 
a dedicated 
XOR gate on the out- 
J-K and T-type registers. 
For the J-K register the output 
puts 
This allows 
an AND-OR-XOR 
implementation 
of 
is asserted when the J input goes HIGH and the output is 
the 
oolean 
logic, 
and 
consequently 
requires 
fewer 
unasserted 
when the K input goes HIGH. Toggle type 
proc 
ct terms. 
registers 
require 
the T input to be asserted 
for every 


Ca~cading Binary Counters 
change 
in the output level. 


Situ 
tions are occasionally 
encountered 
in digital sys- 


tem 
designs 
where 
very 
long counters 
are required. 


Table 
2. Truth 
Table 
for D, J-K and T-Type 
Flip-Flops 


Next State 


Present State 
X3 
X2 
X1 
XO 


X 
X2 
X1 
XO 
D 
J 
K 
T 
0 
J 
K 
T 
0 
J 
K 
T 
0 
J 
K 
T 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
1 
1 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
1 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
1 
1 
1 
1 
1 
1 
0 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
1 
1 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
0 
1 
1 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
1 
0 
1 
1 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
1 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
1 
1 
1 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
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Table 2 shows the truth table for both a J-K and aT-type 
regipter 
implementation 
for a binary 
counter. 
Deriving 


andloptimizing 
the equations 
from the table, we get the 


following 
results: 


X3-J 
IX3 
* 
~;=~ 
I~;: 
X2- 
X2 
* 


Xl- 
IXI 
* 


Xl-r: 
Xl 
* 
xo-~ 
IXO 
XO-f 
XO 
X3-~ 
X2 
* 
Xl 
* 
XO 


X2-~ 
Xl 
* 
XO 
Xl-~ 
. 
xO 


::-Je 
ca~=see f:om 
these 
equations, 
the number 
of 


pr09uct terms used for J-K and T-type implementations 
are~maller 
than the number of product terms required 


for 
D-type implementation. 


Whi 
h flip-flop 
is most efficient 
depends 
on the relative 


num 
er of transitions 
or holds required. 
As a counter 


traverses 
from one count (state) to another, 
every out- 
put either makes a "transition" 
(changes 
logic level) or 


x2 
* 
X2 
* 
Xl *XO 
Xl 
XO 
XO 
xO 


"holds" (stays at the same logic level). Small counters 
in 


general require more transitions 
and fewer holds. As the 


designs 
get larger, the higher-order 
bits require fewer 


transitions 
and more holds. 


D-type flip-flops 
use up product 
tenns 
only for active 


transitions 
from logic LOW level to HIGH level, and for 


logic HIGH level holds only. J-K and T-type flip-flops 
use 


up product terms for both LOW-to-HIGH 
and HIGH-to- 


LOW transitions, 
but eliminate 
hold tenns. 
Generally, 


the requirements 
of transition 
and hold terms depends 


upon the count sequence 
selection. 
D-type flip-flops 
are 


more efficient for small designs. 
Conversely 
J-K and T- 


type flip-flops 
can be more efficient 
for large designs, 


which require more hold terms. 


A comparison 
of product term requirements 
of 2-,3-,4- 


and 5-bit binary counters can be representative 
for other 


types of counters 
and state machines. 
Table 3 shows 


the transition 
terms 
and the 
hold terms 
required 
for 


these counters. 
For a J-K type flip-flop 
implementation, 


after optimizing, 
total product terms required are 4, 6, 8, 


and 
10 respectively. 
The 
D-type 
implementation 
re- 


quires 3,6,10, 
and 15 respectively, 
and is relatively 
less 


efficient for large counters. 


Bihary Counter 
o Product 
J-K Product 
T Product 
Transitions 
Holds 
Terms 
Terms 
Terms 


2-B~ 
6 
2 
3 
4 
1 
3-B~ 
14 
10 
6 
6 
1 
4-B~ 
30 
34 
10 
8 
1 
5-B~ 
62 
98 
15 
10 
1 


MoJUIO Counters 


The 1umber of unique states a counter traverses 
is gen- 
erall 
referred to as the modulus. 
A typical 
n-bit binary 


coun er has a maximum 
modulus of 2n. It is often neces- 
sary 
0 introduce 
signal delays 
into the logic design to 


meet1timing requirements. 
This makes it possible to al- 
low for bus-skew, 
access time, or differential 
propaga- 
tion delays 
between 
devices 
along two different 
signal 


path~l. A typical example of this is the introduction 
of wait 
state 
to allow for access times of different 
memory ele- 
ment 
. Counters 
and delay lines are commonly 
used to 


intro 
uce the delay. Counters 
in PLDs have the added 


advantage 
of programmability 
to select the required de- 


lay. Such 
applications 
where 
precise 
timing 
duration 


control 
is required 
usually 
use modulo 
counters 
with a 


non-Rower-of-two 
modulus. 
Other 
applications 
of 


mOd~lo 
counters 
include 
waveform 
generators 
and 


arbiters. 


Present State 
Next State 


Q3 
Q2 
Ql 
QO 
Q3 
Q2 
Ql 
QO 


0 
0 
0 
0 
0-> 
1 
0 
0 
0 
1 


0 
0 
0 
1 
1 -> 2 
0 
0 
1 
0 


0 
0 
1 
0 
2 -> 3 
0 
0 
1 
1 


0 
0 
1 
1 
3 -> 4 
0 
1 
0 
0 


0 
1 
0 
0 
4 -> 5 
0 
1 
0 
1 


0 
1 
0 
1 
5 -> 6 
0 
1 
1 
0 


0 
1 
1 
0 
6 -> 7 
0 
1 
1 
1 


0 
1 
1 
1 
7 -> 8 
1 
0 
0 
0 


1 
0 
0 
0 
8 -> 9 
1 
0 
0 
1 


1 
0 
0 
1 
9 -> 0 
0 
0 
0 
0 


A g od example 
of a modulo counter 
is a BCD counter. 
Su h a counter 
is useful in applications 
where the com- 


put 
r's outputs 
are generated 
using a decimal 
system. 
Wh Ie a four-bit binary counter 
can count to sixteen, the 


BC 
counter terminates 
the count at the modulus of 10. 


Mo 
ulo counters 
can be designed 
in a variety of ways. 
On 
direct way is to use the truth table to implement 
a 


cou 
t to a modulus 
and directly 
derive 
the equations 


fro 
it. The truth table for a BCD count 
(from zero to 


nin 
) is shown 
in Table 4. 


No 
let us consider what happens if the device acciden- 


tall~ powers up in one of the count values from ten to fif- 
tee~. These 
are illegal counts 
(states) 
and, for a good 


de~s n, a mechanism 
must be built into the equations 
to 


allo 
it to recover back into a legal state. What we actu- 


ally need is to consider 
the truth table in Table 5 in con- 
jun 
ion with the one in Table 4 for deriving the Boolean 


equations. 


T ble 5. Truth 
Table 
for Illegal 
State 
Recovery 
to 


Count 
Zero 


02 
01 
ao 
03 
02 
01 
ao 


0 
1 
0 
10 -> 0 
0 
0 
0 
0 


0 
1 
1 
11 -> 0 
0 
0 
0 
0 


1 
0 
0 
12 -> 0 
0 
0 
0 
0 


1 
0 
1 
13 -> 0 
0 
0 
0 
0 


1 
1 
0 
14 -> 0 
0 
0 
0 
0 


1 
1 
1 
15 -> 0 
0 
0 
0 
0 
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A state diagram 
for the BCD counter 
is shown 
in Fig- 


ure 8. For active-LOW 
outputs, 
the Boolean 
equations 


can be derived 
directly 
from the truth 
table 
and opti- 


mized using Karnaugh 
maps or the software 
minimizer. 


The Boolean 
equation 
for 03 is: 


/Q3 := 
/Q3 
* 
/Q2 
* 
/Ql 
* 
/QO 


+ 
/Q3 
* 
/Q2 
* 
/Ql 
* 
QO 


+ 
/Q3 
* 
/Q2 
* 
Ql 
* 
/QO 


+ 
/Q3 
* 
/Q2 
* 
Ql 
* 
60 


+ 
/Q3 
* 
Q2 
* 
/Ql 
* 
/QO 


+ 
/Q3 
* 
Q2 
* 
/Ql 
* 
QO 


+ 
/Q3 
* 
Q2 
* 
Ql 
* 
/QO 


+ 
Q3 
* 
/Q2 
* 
/Ql 
* 
QO 


+ 
Q3 
* 
/Q2 
* 
Ql 
* 
/QO 


+ 
Q3 
* 
/Q2 
* 
Ql 
* 
QO 


+ 
Q3 
* 
Q2 
* 
/Ql 
* 
/QO 


+ 
Q3 
* 
Q2 
* 
/Ql 
* 
QO 


+ 
Q3 
* 
Q2 
* 
Ql 
* 
/QO 


+ 
Q3 
* 
Q2 
* 
Ql 
* 
QO 


The equation 
can be reduced 
to the following: 


/Q3 := 
/Q3 
* 
/Q2 


+ 
/Q3 
* 
/Ql 
+ 
/Q2 
* 
QO 


+ 
Q3 
* 
Ql 
+ 
Q3 
* 
Q2 


Similar 
Boolean 
equations 
can be generated 
for 02, 


012 and 00. 


Figure 9 shows the circuit 
diagram 
of a loadable 
dual 


BCD counter. 
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- 
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- 


Count 
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Input 


Buffers 


Four-Bit 
- 


BCD 
- 


Count 
-- 


A. 


~AMDl 
CEB 
LDB 


CEA 
LDA 


MO~UIO 
Counter Device Selection 


CO?Siderations 


We ~ave illustrated 
a counter that counts from zero to a 


fixed modulus. The same technique 
can be applied for a 
counter which counts down from a maximum 
power-of- 
two~umberto 
a fixed modulus, or even a counter which 


cou 
ts from one modulus to another. The important con- 
side ations will be the number of product terms used. 


The fegistered 
PLDs used for modulo counters are simi- 
lar t~ the ones 
selected 
for other counters. 
Since the 


courits 
used are binary, 
devices 
with J-K, T-type 
lIip- 
flOPSr or XOR gates 
will help optimize 
the number 
of 


product 
terms 
used. The product 
term usage 
also de- 
pen± 
upon the modulus 
selected. 
Generally, 
a power- 


of t 
or a multiple-of-two 
modulus 
will require fewer 


prod 
ct terms. 


Ano~er 
factor for flip-flop 
selection 
is the illegal states. 
D-ty 
e flip-flops 
are generally 
better 
suited 
for illegal 


state recovery 
than the J-K or T-type flip-flops. 
This is 


beca~se 
when no product term is asserted, 
the D-type 
flip-fl9Ps 
reset to zero. 
Designers 
using J-K or T-type 
flip-flops 
must design-in 
illegal state recovery. 


CertJin devices 
allow the use of a synchronous 
RESET 


product term for modulo counters. 
The idea is to use the 
mini,al 
number 
of product 
terms 
to build 
a binary 


coun er that counts up to a power-of-two 
number. How- 
ever, this counter 
is RESET to zero using the synchro- 
nous fESET 
product term when the desired modulus is 
reacHed. 
It then begins counting 
afresh from zero, and 


the prPcedure 
is repeated. 
Similar operation 
can also be 


achieved 
with a synchronous 
PRESET product term for 


a d0"'l'n counter. 


Using synchronous 
RESET and PR ESET product terms 


allows the counter to recover from illegal states. Notice 
that the logic product terms in the counter 
are designed 


for a complete 
binary count. If the counter 
powers up in 


any illegal state (as shown in Figure 10), it will continue 
the count 
until the terminal 
count 
and then, 
return to 
zero, where the correct modulo count will begin. This il- 
legal state recovery will take an unpredictable 
number of 


clock cycles, 
and you may wish to design 
a more sys- 
tematic 
recovery 
system. 


Cascading Modulo Counters 


For large modulo counters, 
the technique 
of generating 


Boolean 
equations 
from the truth tables is very tedious 


and time consuming. 
Another 
approach 
for designing 


modulo counters 
is to divide it into two smaller 
modulo 


counters. 
In addition 
to simplifying 
the design, 
this ap- 


proach 
usually 
helps optimize 
the number 
of product 


terms. 


As an example, 
a modu10-360 
counter 
can be directly 


implemented 
with nine register bits. However, 
instead of 


implementing 
this as a straight 9-bit counter, we can im- 


plement 
this 
as two 
counters: 
one 
four-bit 
counter 
(counting 
from zero to 14) and another 
five-bit 
counter 
(counting 
from zero to 23). Together, 
the two counters 


count up to 360. The terminal 
count output, 
MOUT, 
is 


asserted 
when 
the count 
reaches 
360, 
as shown 
in 


Figure 11. 


The design requires nine inputs, nine outputs, one clock 
pin, one LOAD pin, one RESET and one MOUT (module 
output 
signal) 
pin. Note that no extra flip-flops 
or pins 


were 
needed. 
Obviously, 
the 
count 
values 
of 
this 


counter 
are not the 
same 
as a straight 
modu10-360 


counter. 
Actually, 
this is what contributes 
to the optimi- 


zation of the number of product 
terms used. 
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Counters with Encoding 


Un iI now, we have discussed 
counters that generate 
bi- 
nao/ output sequences. 
Most peripherals 
require a pre- 


determined 
sequence 
of control signals. Custom control 


se9uences 
can be generated 
by decoding the binary se- 


quqnce with combinatorial 
logic. Figure 12 shows a gen- 


eral 
model 
of 
a counter 
with 
combinatorial 
output 


I 


Control 


Inputs 
Next 
State 
Decoder 


decoding 
circuitry. 
This combinatorial 
circuit 
modifies 


the counter 
bits and generates 
output 
signals 
in the 


manner required for peripheral 
timing and control. Since 


these circuits require extra combinatorial 
logic, they are 


not very efficient. They are also more susceptible 
to haz- 


ards and output glitches. 


Flip- 
• 
Flops 
: 


It is possible to have a different 
output coding for a four- 
bit qounter, as shown in Table 6. This code, called Gray 
code, allows only one output bit to toggle for each new 
court value. This code can be easily derived from a four- 
bit tJinary counter code (also shown in Table 6) using an 
output decoder. 


Table 
6. Generating 
Gray 
Code from 
a 


Binary 
Code 


Binary 
Code 
Gray 
Code 


,(3 
X2 
X1 
XO 
G3 
G2 
Gl 
GO 


b 
0 
0 
0 
0 
0 
0 
0 


g 
0 
0 
1 
0 
0 
0 
1 


0 
1 
0 
0 
0 
1 
1 
b 
0 
1 
1 
0 
0 
1 
0 


0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
0 
1 
0 
1 
1 
1 


0 
1 
1 
0 
0 
1 
0 
1 


0 
1 
1 
1 
0 
1 
0 
0 


0 
0 
0 
1 
1 
0 
0 


0 
0 
1 
1 
1 
0 
1 


0 
1 
0 
1 
1 
1 
1 


0 
1 
1 
1 
1 
1 
0 


1 
0 
0 
1 
0 
1 
0 


1 
0 
1 
1 
0 
1 
1 
1 
1 
0 
1 
0 
0 
1 
1 
1 
1 
1 
0 
0 
0 


We can derive the Boolean equations 
for the combinato- 


rial output decoder 
from the truth table. The equations 


are: 


G3 
x3 
G2 
X3: 
+: 
x2 
GI 
x2: 
+: 
Xl 
GO 
Xl 
:+: xO 


A more 
efficient 
and easier 
technique 
for generating 


control signals is to implement 
the decode 
circuitry 
be- 


fore the registers. This alternative 
is shown in Figure 13. 


This essentially 
generates 
a non-standard 
counter with 


state values that are not a binary progression. 
It can be 


considered 
as a counter where the product 
terms for a 


binary 
count 
and 
encoding 
the 
outputs 
have 
been 


combined. 


Many different codes can be generated 
using such tech- 


niques. We will limit ourselves 
to the ones that are most 


commonly 
used: 
Gray-code 
counters 
and 
Johnson 


counters. 


J 


Combinatorial 
Logic 


Control 
Inputs 
Next 
I 
Output 
State 
I 
"PRE" 
Decoder I Decoder 


Flip- 
Flops 


Gr y-Code Counters 


Gra 
-code counters 
are often used in digital designs for 


con~OI 
timing 
functions. 
The 
primary 
advantage 
of 


Gra 
-code counters 
stems from the characteristic 
that 


only one output bit changes 
value for every clock cycle. 
The 
e output 
signals 
can be easily 
decoded 
using 
a 


com 
inatorial 
decoder 
without 
any 
risk 
of 
hazards. 
Gra~-code 
counters 
are used 
extensively 
as system 


clocks, 
since the different 
output 
bits provide 
different 


clock pulses, without the risks of hazards. 
Gray-code 
is 


alsolused 
in high-speed 
data communication 
applica- 
tions, where data is transmitted 
from one part of the sys- 


tem Ito 
another, 
and 
where 
the 
error 
susceptibility 


increases with the number of bit changes between adja- 
centlnumbers 
in a sequence. 
These 
are also used for 


suctj 
specialized 
applications 
as shaft 
encoders 
and 


real-time 
process 
control. 


The ImPlementation 
of a Gray-code 
counter is very sim- 
ple. A truth table can be derived from the transition 
table 


as iSrdone for a binary counter. 
The Boolean 
equations 


can 
hen be directly 
derived 
from the truth table. 
The 


truth 
table 
for 
the 
Gray-code 
counter 
is shown 
in 


Table? 


Table ? Truth 
Table 
for a Four·Blt 
Gray-Code 


Counter 


Present State 
Next State 


X3 
X2 
Xl 
XO 
X3 
X2 
Xl 
XO 


0 
0 
0 
0 
0 
0 
0 
1 


0 
0 
0 
1 
0 
0 
1 
1 


0 
0 
1 
1 
0 
0 
1 
0 


0 
0 
1 
0 
0 
1 
1 
0 


0 
1 
1 
0 
0 
1 
1 
1 


0 
1 
1 
1 
0 
1 
0 
1 


0 
1 
0 
1 
0 
1 
0 
0 


0 
1 
0 
0 
1 
1 
0 
0 


1 
1 
0 
0 
1 
1 
0 
1 


1 
1 
0 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
0 


1 
1 
1 
0 
1 
0 
1 
0 


1 
0 
1 
0 
1 
0 
1 
1 
1 
0 
1 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
0 


1 
0 
0 
0 
0 
0 
0 
0 


I 
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T~f 
Boolean 
logic equations 
for a Gray-code 
counter 


ar 
: 


x3 
/X3 
* 
x2 
* 
/Xl 
* 
/xo 


+ 
x3 
* 
x2 
* 
/Xl 
* 
/XO 


+ 
x3 
* 
x2 
* 
/Xl 
* 
XO 


+ 
x3 
* 
x2 
* 
Xl 
* 
XO 
+ 
x3 
* 
x2 
* 
Xl 
* 
/xo 
+ 
x3 
* 
/X2 
* 
Xl 
* 
/XO 
+ 
x3 
* 
/X2 
* 
Xl 
* 
XO 
+ 
x3 
* 
/X2 
* 
/Xl 
* 
xo 


X2 
.= 
/X3 
* 
/X2 
* 
Xl 
* 
/xO 


+ 
/x3 
* 
X2 
* 
Xl 
* 
/xo 
+ 
/X3 
* 
X2 
* 
Xl 
* 
XO 
+ 
/X3 
* 
X2 
* 
/Xl 
* 
XO 
+ 
/X3 
* 
X2 
* 
/Xl 
* 
/XO 
+ 
x3 
* 
X2 
* 
/Xl 
* 
/xo 
+ 
x3 
* 
x2 
* 
/Xl 
* 
XO 
+ 
x3 
* 
X2 
* 
Xl 
* 
xo 


Xl 
/X3 
* 
/X2 
* 
/Xl 
* 
XO 
+ 
/X3 
* 
/X2 
* 
Xl 
* 
XO 
+ 
/X3 
* 
/X2 
* 
xl 
* 
/xo 
+ 
/X3 
* 
x2 
* 
Xl 
* 
/xO 
+ 
x3 
* 
X2 
* 
/Xl 
* 
xo 


+ 
X3 
* 
x2 
* 
Xl 
* 
XO 


+ 
X3 
* 
x2 
* 
Xl 
* 
/xO 
+ 
x3 
* 
/X2 
* 
Xl 
* 
/xo 


xO 
/X3 
* 
/X2 
* 
/Xl 
* 
/xO 
+ 
/X3 
* 
/X2 
* 
/Xl 
* 
XO 
+ 
/X3 
* 
X2 
* 
Xl 
* 
/xO 
+ 
/X3 
* 
x2 
* 
Xl 
* 
xO 
+ 
x3 
* 
X2 
* 
/Xl 
* 
/xo 
+ 
x3 
* 
X2 
* 
/Xl 
* 
xo 


+ 
X3 
* 
/X2 
* 
Xl 
* 
/xO 
+ 
X3 
* 
/X2 
* 
Xl 
* 
xO 
Jo 
nson Counters 


A J hnson counter 
is part of a family of counters 
known 


as "~ing counters." 
These counters 
are used for special 
'PT"~"'whe" "'de ,ymmet')' ;, d"ked. R;hg 
cou 
ters are also often used for timing purposes, 
since 


all t e outputs 
are essentially 
a series of pulses. 
This 


cod 
symmetry 
also allows use of the fewest possible 


pro 
uct terms with a D-type register. 
Devices that pro- 


vide a small 
amount 
of logic per cell, can implement 


Johnson 
counters 
very easily. 


JOh~son 
counters 
are 
also 
known 
as 
circular-shift 


cou~ters. 
The 
sequence 
for 
a 
five-stage 
Johnson 


cou 
ter is shown in Table 8. As can be seen in the truth 


tabl 
• the counter 
first fills up with 1's from left to right 


and then it fills upwith 
zeros again. Note from the output 


seqyence 
that 
only 
one of the Johnson 
counter 
bits 


cha~ges 
for 
every 
clock 
period, 
like the 
Gray-code 


COUlter. One major advantage 
of the Johnson counter is 


that 
it can 
be 
readily 
decoded 
with 
small 
two-input 


NAND 
gates 
and 
hence 
is suitable 
for 
high-speed 


applications. 


Note that the five-stage 
sequence 
has a table of 10 legal 


states and 22 illegal states (Table 9). In general, 
an n-bit 


Johnson 
counter 
will produce 
a modulus 
of 2n. Fig- 


ure 14 shows the state diagram 
of the five-bit counter. 


Table 8. Five-Bit Johnson Counter Truth Table 


Legal States 


Present State 
Next State 


Q4 
03 
02 
01 
ao 
Q4 
03 
02 
01 
ao 


0 
0 
0 
0 
0 
1 
0 
0 
0 
0 


0 
0 
0 
0 
1 
0 
0 
0 
0 
0 


0 
0 
0 
1 
1 
0 
0 
0 
0 
1 


0 
0 
1 
1 
1 
0 
0 
0 
1 
1 


0 
1 
1 
1 
1 
0 
0 
1 
1 
1 


1 
1 
1 
1 
1 
0 
1 
1 
1 
1 


1 
1 
1 
1 
0 
1 
1 
1 
1 
1 


1 
1 
1 
0 
0 
1 
1 
1 
1 
0 


1 
1 
0 
0 
0 
1 
1 
1 
0 
0 


1 
0 
0 
0 
0 
1 
1 
0 
0 
0 


The implementation 
of a Johnson 
counter 
is relatively 


straight-forward, 
and is the same regardless 
ofthe num- 


ber of stages. 
When 
D-type flip-flops 
are used, the Q 


output of each flip-flop 
is connected 
to the D input of the 


following 
stage. The single exception 
is the Q output of 


the last stage, which is complemented 
and connected 
to 


the D input of the first stage. 


Table 9. Illegal States for a Five-Bit 


Johnson Counter 


Present State 
Next State 


04 
03 
02 
01 
00 
04 
03 
02 
01 
ao 


0 
0 
0 
1 
0 
0 
0 
0 
0 
0 


0 
0 
1 
0 
0 
0 
0 
0 
0 
0 


0 
0 
1 
0 
1 
0 
0 
0 
0 
0 


0 
0 
1 
1 
0 
0 
0 
0 
0 
0 


0 
1 
0 
0 
0 
0 
0 
0 
0 
0 


0 
1 
0 
0 
1. 
0 
0 
0 
0 
0 


0 
1 
0 
1 
0 
0 
0 
0 
0 
0 


0 
1 
0 
1 
1 
0 
0 
0 
0 
0 


0 
1 
1 
0 
0 
0 
0 
0 
0 
0 


0 
1 
1 
0 
1 
0 
0 
0 
0 
0 


0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 


1 
0 
0 
1 
0 
0 
0 
0 
0 
0 


1 
0 
0 
1 
1 
0 
0 
0 
0 
0 


1 
0 
1 
0 
0 
0 
0 
0 
0 
0 


1 
0 
1 
0 
1 
0 
0 
0 
0 
0 


1 
0 
1 
1 
0 
0 
0 
0 
0 
0 


1 
0 
1 
1 
1 
0 
0 
0 
0 
0 


1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 


1 
1 
0 
1 
1 
0 
0 
0 
0 
0 


1 
1 
1 
0 
1 
0 
0 
0 
0 
0 


ure 14. State 
Diagram 
of a Five-Bit 
Johnson 


Counter 


One 9isadvantage 
of the counter is the number of invalid 


(or illegal) states. The invalid states increase exponen- 
tially twith the 
length 
of the 
counter. 
The 
bigger 
the 


counler 
becomes, 
the greater 
are its chances 
of enter- 
ing an illegal state. Johnson 
counters 
are very suscepti- 
ble tO~lIegal states, and can "hang up" very easily. Noise 
or improper 
use can cause this counter to end up in an 


iIIega} state. Therefore, 
a design with illegal state recov- 


ery circuitry 
is always 
recommended. 


Figurr 15 shows a nine-bit Johnson 
counter that can be 


derived 
by directly 
extending 
the design 
of a five-bit 
John~on counter. 


Shift Registers 


A Shift Register is a special digital circuit often used as a 
primary 
building 
block in digital computer 
systems. 
It is 


closely related to a ring counter. 
Its fundamental 
usage 


is for temporary 
data storage and bit-wise data manipu- 


lation for advanced 
arithmetic 
and multiplication 
opera- 


tions. 
Shift 
registers 
are 
also 
frequently 
used 
in 


communications, 
for converting 
parallel 
byte-wide 
data 


from the microprocessor 
to a serial data bit-stream 
for 


transmission. 
Shift registers 
are also used in graphics 


systems 
for serializing 
parallel 
data for use by the dis- 


play monitor. A number of examples 
of video shift regis- 


ters are included 
in the graphics 
section. 


The fundamental 
purpose 
of a shift register 
(Figure 
16) 


is to shift data from one flip-flop 
to another. 
There 
are 


several 
types of shift registers. 
They are classified 
by 


the way in which 
incoming 
data is received 
(parallel 
or 


serial), and how outgoing 
data is transmitted 
(parallel or 


serial). 


In the following 
example, 
we will discuss 
a simple 
uni- 


versal shifter that provides 
both serial and parallel 
input 


and output functions. 
Depending 
upon the control 
sig- 


nals 10 and 11. the data is shifted from one flip-flop to an- 
other in the left or the right direction. 
These 
inputs also 


control 
when the new parallel 
data is loaded 
onto the 
registers. 
When shifting 
left or right. serial data can be 


received and transmitted 
on serial pins L1RO and RILO. 


Since the flip-flop 
outputs 
appear on the output pins at 


all times, 
the parallel 
output 
data is always 
available. 


The truth table is shown 
in Table 10. 


The 
Boolean 
logic equations 
can be directly 
derived 
from the truth table, and are shown 
Figure 17. 


Shift registers can be modified to suit various system de- 
sign requirements. 
This universal 
shift register 
can be 


used for serial in/serial out, parallel in/parallel 
out, serial 
in/parallel 
out and parallel 
in/serial 
out functions. 


I 


~AMD 


Control 
Signals 


left Signal Data 
In and Out (LIRa) 


Right Serial Data 
Out and In (RllO) 


QO Q1 Q2 Q3 Q4 Q5 Q6 Q7 


Parallel Data Out 


_1 
F_ig_U_re_16_o_A_S_h_l_ft_R_e_g_ist_er_B_1_OC_k_D_la_g_ra_m 
_ 


I 


06 
05 
04 
03 
02 
01 
QO 
11 
10 


Q6 
Q5 
Q4 
Q3 
Q2 
Q1 
QO 
0 
0 
;Retain Data 
Q7 
Q6 
Q5 
Q4 
Q3 
Q2 
Q1 
0 
1 
;Shift Right 
Q5 
Q4 
Q3 
Q2 
Q1 
QO 
LIRa 
1 
0 
;Shift left 
D6 
D5 
D4 
D3 
D2 
D1 
DO 
1 
1 
;load Data 


Equ 
tions 


/QO 
+ 
:+: 
+ 


/Q1 
+ 
:+: 
+ 


/Q2 
+ 
:+: 
+ 


/Q3 
+ 
:+: 
+ 


/Q4 
+ 
:+: 


+ 


/QS 
+ 
:+: 
+ 


/Q6 
+ 
:+: 
+ 


/Q7 
+ 
:+: 
+ 


/I1*/IO*/QO 
/I1*IO*Q1 


I1*/IO*/LIRO 
I1*IO*/DO 


/I1*/IO*/Q1 
/I1 *10* /Q2 


I1*/IO*/QO 
I1*IO*/D1 


/I1*/IO*/Q2 
/I1*IO*/Q3 
I1*/IO*/Q1 
I1*IO*/D2 


/I1*/IO*/Q3 
/I1*IO*/Q4 


I1*/IO*/Q2 
I1*IO*/D3 


/I1*/IO*/Q4 
/I1*IO*/QS 


I1*/IO*/Q3 
I1*IO*/D4 


/I1*/IO*/QS 
/I1* 
IO*/Q6 
I1*/IO*/Q4 
11* 
IO*/DS 


/I1*/IO*/Q6 
/I1*IO*/Q7 
I1*/IO*/QS 
I1*IO*/D6 


/I1*/IO*/Q7 
/I1*IO*/RILO 
I1*/IO*/Q6 
I1*IO*/D7 


/LIRO 
= 
/QO 
LIRO.TRST 
= 
/11*10 


/RILO 
= 
/Q7 
RILO.TRST 
= 
11*/10 
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;HOLD 
QO 


;SHIFT 
RIGHT 
;SHIFT 
LEFT 


;LOAD 
DO 


;HOLD 
Q1 


;SHIFT 
RIGHT 
;SHIFT 
LEFT 


;LOAD 
D1 


;HOLD 
Q2 


;SHIFT 
RIGHT 


;SHIFT 
LEFT 


;LOAD 
D2 


;HOLD 
Q3 


;SHIFT 
RIGHT 


;SHIFT 
LEFT 


;LOAD 
D3 


;HOLD 
Q4 
;SHIFT 
RIGHT 


;SHIFT 
LEFT 
;LOAD 
D4 


;HOLD 
QS 


;SHIFT 
RIGHT 
;SHIFT 
LEFT 


;LOAD 
DS 


;HOLD 
Q6 
;SHIFT 
RIGHT 
;SHIFT 
LEFT 
;LOAD 
D6 


;HOLD 
Q7 


;SHIFT 
RIGHT 
;SHIFT 
LEFT 


;LOAD 
D7 


;LEFT 
IN RIGHT 
OUT 


I 
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Barrel Shifters 


Infst 
data processing 
systems, 
some form of data 


sh' ting or rotation is necessary. 
In typical computer 
sys- 


te 'lis, the shifter is located at the output of the ALU, and 
usually 
requires 
a single-cycle 
shift and add function 


(Figure 18). For such applications 
as floating-point 
arith- 


me1ic or string manipulation, 
ordinary 
shift registers are 


inefficient, 
since 
they 
require 
n clock 
cycles 
for 
an 


n-bit shift. 


Register 


File 


Shift 
Oi tance 


A s ecialized 
shift register, 
called 
a "barrel 
shifter," 
is 
use 
to shift (or rotate) data by any number of bits in a 


single clock cycle. The name "barrel shiller" 
is used be- 
cause of the circular 
nature of the shift operation. 
The 
storage registers 
on the output of the shifter are used in 


this architecture 
to pipeline the data operation, 
increas- 


ing t/1roughput. The three-state 
buffer on the output reg- 


isterS is also 
useful 
for providing 
an interlace 
to the 


dat~bus. 


The besign of a barrel shifter proceeds 
in the same man- 


ner ~s a regular shift register. 
The truth table is drawn, 


and the Boolean equations 
are then written based upon 
the truth tables. 
An eight-bit 
barrel 
shifter 
requires 
at 


least eight data inputs, 
eight registered 
data outputs, 


three control 
lines to specify the shift distance, 
a clock 
input and an output enable that controls 
the three-state 


buffer on the register output. 


Figure 19 shows the block diagram for an eight-bit regis- 
tered barrel shifter, while Table 11 shows the truth table. 
The registered 
barrel shifter requires a total of 14 inputs 


and 8 outputs. 


SO 
S1 
S2 
elK 


Figure 
19. Block 
Diagram 
of an Eight-Bit 
Barrel 


Shlfter 


Table 11. Truth 
Table 
for an Eight-Bit 
Barrel 


Shlfter 


52 
51 
so 
07 
Q6 
05 
Q4 
03 
02 01 co 


0 
0 
0 
07 
06 
05 
04 
03 
02 01 00 


0 
0 
1 
06 
05 
04 
03 
02 
01 00 07 


0 
1 
0 
05 
04 
03 
02 
01 
00 07 06 


0 
1 
1 
04 
03 
02 
01 
00 
07 06 05 
1 
0 
0 
03 
02 
01 
00 
07 
06 05 04 


1 
0 
1 
02 
01 
00 
07 
06 
05 04 03 
1 
1 
0 
01 
00 
07 
06 
05 
04 03 02 


1 
1 
1 
00 
07 
06 
05 
04 
03 02 01 


Gray-Code, 
Johnson 
Counter 
and Shift 


Register 
Device Selection 
Considerations 


Gray-code 
counters, 
Johnson 
counters 
and shift regis- 


ters are not very logic-intensive; 
the number of product 


terms required 
is minimal. 
The D-type flip-flops 
provide 


the most efficient 
implementations, 
allowing 
these de- 
signs to be easily implemented 
in most PAL devices. 


Since 
Gray-code 
counters 
are often 
used 
as system 


clocks, very high speed PAL devices provide the highest 
resolution 
clocks. 


Barrel shifters are very logic-intensive 
and require many 


product terms, since data from all the inputs needs to be 
accessible 
at any output. 
Registered 
PLDs with a large 


number 
of product 
terms 
are ideal for barrel 
shifters. 


Large barrel shifters can also be partitioned 
into a num- 


ber of PLDs. 


r--------- 
I 
I 
I 
I 
I 
I 
Q 
0 
0 
Q 
0 


I 
I 
I 
I 
r 
r 


I 
I 
I 
L 
/-1----...J 
04 
03 
I 02 


---,_ 
..r-------------------..J 


Extra Circuit Required 
For Modulo 20 Counter 


Asy 
chronous Registered Designs 


Until 
ow, we have discussed 
strictly synchronous 
reg- 


ister 
d designs, where a common 
system clock is used. 


In as nchronous 
registered 
designs, 
a common clock is 


not u~ed' The register 
clock may be generated 
by the 


outp 
t of another register, or by a logical combination 
of 


vario 
s other signals. Such designs are usually slow for 


such applications 
as timing generation, 
because 
when 


the 0 tput of one register is used to clock another, multi- 
ple d lays are encountered 
before all the register out- 


puts 
tabilize. 
On the other hand, designs 
can be very 


fast f r asynchronous 
applications 
such as bus arbitra- 


tion 
nd control, 
where 
a fast response 
to a bus signal 


can 
e provided 
without 
waiting 
for a common 
sys- 


tem 
lock. 


Altha 
gh asynchronous 
designs 
are easier to visualize, 
they 
present 
larger 
problems 
in 
implementation. 


AMD~ 


Combinatorial 
hazard conditions 
can cause false clock- 


ing of registers, 
destroying 
the logic intended 
by the de- 


signer. 
The designer 
also 
needs 
to worry 
about 
race 


conditions 
when clocking 
a number of register 
simulta- 


neously. 
Careful 
design 
analysis 
is strongly 
recom- 


mended 
before 
implementing 
any 
asynchronous 


design. 


Ripple counters 
are probably 
the easiest 
examples 
of 


such asynchronous 
designs. 
Figure 31 shows the logic 


diagram of a five-bit binary ripple counter. 
These count- 


ers clearly have the advantage 
of design simplicity. 
The 


output 
from one stage 
is fed as the clock to the next 


stage. 
However, 
this results 
in a slower 
counting 
rate, 


since the clock signals 
need to propagate 
through 
all 


five registers 
before the next count is reached. 


Figu 
20 shows 
the implementation 
of a modul0-20 


coun er that is RESET when output bits 04 and 02 are 
both HIGH. 
Since 
the 
RESET 
is implemented 
with a 


prod 
ct term, the extra AND gate shown can be imple- 


ment 
d directly within the PAL device. 


Asynchronous 
Designs Device Selection 


Considerations 


The device selection 
for asynchronous 
designs 
is easy. 


As the clock signals require logic, only PLDs that allow 
implementations 
of Boolean 
logic on the clock signals 


are useful. 


o HER APPLICATIONS 
OF REGISTERED 


PC-Os 


Rebistered 
PLDs are used for a number of miscellane- 


ous applications 
that are not covered 
by the synchro- 


nous and asynchronous 
design applications 
discussed 


up to now. 
One 
such 
application 
is as a frequency 


div·der. 


• 
Frequency 
dividers 


• 
Addressable 
Registers 


Frfquency 
Dividers 


St~ndard synchronous 
counters 
provide the basic capa- 


bili 
of dividing an input frequency. 
A single register of a 


PA 
device will let us divide by two. 


lf 
e stack these 
registers, 
a binary 
counter 
provides 


symmetrical 
division 
by 2,4,8, 
16, etc. This divider has 


been a standard 
for years, and the PAL device 
has al- 
wats 
been on excellent 
choice for such applications. 


One unique application 
of PAL devices 
is for dividing in- 
put frequencies 
by odd numbers. 
This has been done 


historically 
by designing 
a counter 
that cycles 
an odd 


nurrber 
modulo, and decoding 
the specific states of the 


counter. 
The disadvantage 
of this approach 
is that the 


out~ut is not symmetrical 
and the duty cycle is not 50%. 


Let us examine 
a simple 
divide-by-five 
counter. 
This 


cou 
ter can be implemented 
using three flip-flops 
that 


sta 
at zero and reset at four, resulting 
in a five-state 


counter. Table 12 shows the outputs of the three individ- 
ual 
lip-flops. 


able 12. Truth 
Table 
for a Five-Bit 
Counter 


I 
Present State 
Next State 


cb 
01 
CO 
02 
01 
CO 


0 
0 
0 
0 
1 
State zero to one. 


0 
1 
0 
1 
0 
State one to two. 
0 
1 
0 
0 
1 
1 
State two to three. 


0 
1 
1 
1 
0 
0 
State three to four. 


1 
0 
0 
0 
0 
0 
State four to zero. 


The\Boolean 
equations 
are: 


Q2 
:=/Q2 
*Q1 
*QO 
;MSB 
bit 


Q1 
:= 
/Q1 
* QO 
+ Q1 
* 
/QO 


QO 
:= 
/Q2 
* /QO 
;LSB 
bit 


5=58\ 


The waveforms 
for this divider 
are shown in Figure 21. 


Notice that the 02 output goes HIGH for one state and 
that this output is one fifth of the input frequency, 
but it is 


a 20% duty cycle. 01 is active for two states; it provides 
the same frequency, 
but with a 40% duty cycle. 
If we 


want a 50% duty cycle, we are going to have to divide a 
state in half. 


To provide the 50% duty cycle, the two edges should be 
evenly spaced 
in the count sequence, 
one edge in the 


middle 
of state two and one at the beginning 
of state 


zero. The first edge can be formed by logically "ANDing" 
state_2 with the falling 
edge of the clock. 
The second 


edge can be formed by decoding 
state zero. 


edge_1 
=/clock 
* /Q2 
* 
Q1*/QO 
;edge 
between 


;states 
two 
and 
;three 


edge_2= 
/Q2 
*/Q1 
*/Q1 
;edge 
at 
state 


The logical "OR" of these two equations 
will provide the 


needed rising edges. To provide a clean output, this sig- 
nal should clock another output register. 


The next step in the design 
is to pick the appropriate 


PAL device to fit this design. Our biggest concern 
is that 


we need the capability 
of clocking 
the counter 
at one 


speed and the output flip-flop 
at another. 
To do this, we 


cannot use a PAL device that has a dedicated 
clock pin; 


we 
need 
an 
architecture 
that 
allows 
programmable 


clocks. 


The clock 
signal 
requires 
two product 
terms 
(one for 


each edge). Another 
technique 
is to use the independ- 


ent asynchronous 
SET and asynchronous 
RESET prod- 


uct terms 
of the output 
register. 
A HIGH on the SET 


product term asserts the register output, and a HIGH on 
the RESET product term unasserts 
the register output. 


Due to the asynchronous 
nature 
of the product 
terms 


some adjustment 
in timing is required. The SET product 


term 
is asserted 
when 
in state 
0 (02=0, 
01 =0 and 


00=0), 
and the RESET product term is asserted 
when 


between 
states two and three. 


OUTPUT. 
SET 
= 
/clock 
* 
/Q2 
* 
Q1 
* 
/QO 
;set 
between 
;states 
2 & 3 


/Q2 
*/Q1 
* 
/QO 
;reset 
at 
;state 
zero 


Add essable Registers 


Addr 
ssable 
registers 
are commonly-used 
MSI func- 


tions, often implemented 
in PAL devices. 
Addressable 


registers are used as building 
blocks for digital comput- 


ers. Depending 
upon the address 
input one of the many 


flip-flops 
in the register 
retain their previous 
values. 


5t te Machine Design 


IN RODUCTION 


Stat 
machine 
designs 
are widely 
used for sequential 


cont 01 logic, which forms the core of many digital sys- 
tem 
. State machines 
are required 
in a variety of appli- 
cati 
ns covering 
a broad 
range 
of performance 
and 


com 
lexity; 
low-level 
controls 
of 
microprocessor-to- 
VLS -peripheral 
interfaces, 
bus arbitration 
and timing 


gen 
ration 
in conventional 
microprocessors, 
custom 


bit-s ice microprocessors, 
data encryption 
and decryp- 


tion, and transmission 
protocols 
are but a few examples. 


Typi 
ally, the details 
of control 
logic are the last to be 


settl 
d in the design cycle, since they are continuously 


affe ted by changing 
system 
requirements 
and feature 


enh 
ncements. 
Programmable 
logic is a forgiving 
solu- 
tion or control logic design because it allows easy modi- 
ficat ons to be made without disturbing 
PC board layout. 


Its II xibility provides 
an escape valve that permits 
de- 
sign changes 
without 
impacting 
time-to-market. 


Am 
jority of registered 
PAL device applications 
are se- 


que 
tial control 
designs 
where 
state 
machine 
design 


tech 
iques 
are 
employed. 
As technology 
advances, 
new high-speed 
and high-functionality 
devices 
are be- 


ing i troduced 
which simplify the task of state machine 


desi 
n. A broad range of different functionality-and-per- 


for 
nee solutions 
are available 
for state machine 
de- 


sign 
In this discussion 
we will examine 
the functions 


perf 
rmed by state machines, 
their implementation 
on 


vari 
us devices, 
and their selection. 


Device 
Inputs 


Next 
State 
Decode 


Output 
Decode 


What Is a State Machine? 


A state machine is a digital device that traverses 
through 


a predetermined 
sequence 
of states in an orderly fash- 


ion. A state is a set of values measured 
at different 
parts 


olthe circuit. A simple state machine can consist of PAL- 
device based combinatorial 
logic, output registers, 
and 


buried (state) registers. The state in such a sequencer 
is 


determined 
by the values 
stored 
in the buried 
and/or 


output registers. 


A general form of a state machine 
can be depicted 
as a 


device shown in Figure 1. In addition to the device inputs 
and outputs, 
a state machine 
consists 
of two essential 


elements: 
combinatorial 
logic and memory 
(registers). 


This 
is similar 
to the 
registered 
counter 
designs 
dis- 


cussed 
previously, 
which 
are essentially 
simple 
state 


machines. 
The memory 
is used to store the state of the 


machine. 
The combinatorial 
logic can be viewed as two 


distinct functional 
blocks: the next state decoder 
and the 


output decoder (Figure 2). The next state decoder deter- 
mines the next state of the state machine while the out- 
put decoder generates the actual outputs. Although they 
perform 
two distinct 
functions, 
these 
are usually 
com- 


bined into one combinatorial 
logic array as in Figure 1. 


Combinatorial Logic 
Output 
• 
Decoder 
• 
--- 
(Output 
• 
Next State 
Memory 
Decode 
Decoder 
•• 
(Registers) 
• 
Function) 
(Transition 
• 
• 
,-- 
Function) 
• 
r 
--- 
1 


The 
asic operation 
of a state machine 
is twofold: 


1. 
I traverses 
through 
a sequence 
of states, where 


~ 


e next state is determined 
by next state decoder, 


epending 
upon the present 
state and input con- 


itions. 


2. 
I provides 
sequences 
of output signals based 


~Fn 
state transitions. 
The outputs 
are generated 
'!~he output decoder 
based upon present 
state 


jnd 
input conditions. 


USi~ 
input signals 
for deciding 
the next state is also 


kno 
n as branching. 
In addition 
to branching, 
complex 


seq 
encers 
provide 
the 
capability 
of 
repeating 
se- 


que 
ces (looping) and subroutines. 
The transitions 
from 


one 
tate to another are called control sequencing 
and 


the I gic required 
for deciding 
the next states is called 


the ~ansition 
function 
(Figure 2). 


The 
se of input signals in the decision-making 
process 


for 0 tput generation 
determines 
the type of a state ma- 


chin 
. There 
are two widely 
known types of state ma- 


chin 
s: 
Mealy 
and 
Moore 
(Figure 
3). 
Moore 
state 


mac 
ine outputs are a function of the present state only. 


In th 
more general Mealy-type 
state machines, the out- 


puts are functions 
of both the state and the input signals. 


The 
ogic required 
is known as the output function. 
For 


eith 
r type, the control 
sequencing 
depends 
upon both 


stat 
s and input signals. 


Mos practical state machines 
are synchronous 
sequen- 


tial olrcuits that rely on clock signals to trigger the state 
tran 
itions. A single clock is connected 
to all of the state 


and 
output 
edge-triggered 
flip-flops, 
which 
allows 
a 


stat 
change 
to occur on the rising edge of the clock. 
Asy 
chronous 
state machines 
are also possible, 
which 


utiliz 
the propagation 
delay in combinatorial 
logic for 


the 
emory 
function 
of the state 
machine. 
Such 
ma- 


chin 
s are highly susceptible 
to hazards, 
hard to design 


and 
re seldom 
used. 
In our discussion 
we will focus 


solei 
on sequential 
state machines. 


State Machine Applications 


State machines 
are used in a number of system control 


applications. 
A sampling 
of a few of the applications, 


and 
how 
state 
machines 
are 
applied, 
is described 


below. 


As sequencers 
for digital signal processing 
(DSP) appli- 


cations, 
state 
machines 
offer 
speed 
and 
sufficient 


functionality 
without 
the overkill 
of complex 
micropro- 


cessors. 
For simple algorithms, 
such as those involved 


in performing 
a Fast Fourier 
Transform 
(FFT), 
a state 


machine can control the set of vectors that are multiplied 
and added in the process. 
Forcomplex 
DSP operations, 


a programmable 
DSP may be better. On the other hand, 


the programmable 
DSP solution is not likely to be as fast 


as the dedicated 
hardware 
approach. 


Consider the case of a video controller. 
It generates 
ad- 


dresses 
for scanning 
purposes, 
using 
counters 
with 


various 
sequences 
and lengths. 
Instead of implement- 
ing these 
as actual counters, 
the sequences 
involved 


can be "unlocked" 
and implemented, 
instead, 
as state 


machine 
transitions. 
There 
is an advantage 
beyond 


mere economy 
of parts. A count can be set or initiated, 


then left to take care of itself, freeing the microprocessor 
for other operations. 


In peripheral 
control the simple state machine 
approach 


can be very efficient. 
Consider 
the case of run-Iength- 


limited (RLL) code. Both encoding 
and decoding 
can be 


translated 
into state machines, 
which examine the serial 


data stream as it is read, and generate 
the output data. 


Industrial control and robotics offer further 
areas where 


simple control functions 
are requ ired. Such tasks as me- 


chanical 
positioning 
of a robot 
arm, 
simple 
decision 


making, and calculation 
of a trigonometric 
function, 
usu- 


ally does not require the high-power 
solution 
of micro- 


processors 
with stacks 
and pointers. 
Rather, 
what 
is 


required 
is a device that is capable 
of storing 
a limited 


number 
of states 
and allows 
simple 
branching 
upon 


conditions. 


I 
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Next State 
Decoder 


Output 
Decode 


Outputs are Functions 
of State and Inputs 


Outputs are Functions 
of State Only 


Oat 
encryption 
and decryption 
present 
similar 
prob- 


lem 
to those encountered 
in encoding 
and decoding for 


mas 
media, 
only 
here 
it is desirable 
to 
make 
the 


scheme not so obvious. A programmable 
state machine 
device with a security 
Bit is ideal for this because 
mem- 
ory i~ intemally 
programmed 
and cannot 
be accessed 


by simeone 
tampering 
with the system. 


Fu~ctions Performed 


All the system design functions 
performed 
by controllers 
can 
e categorized 
as one of the following 
state ma- 


chin 
functions: 


• 
Arbitration 


• 
Event monitoring 


• 
M Itiple condition 
testing 


• 
Timing delays 


· 
cr' ntrol signal generation 


Late 
we will take a design 
example 
and illustrate 
how 


thes 
functions 
can be used when 
designing 
a state 
mac 
ine. 


State Machine Theory 


Let us take a brief look at the underlying 
theory for all se- 


quentiallogic 
systems, 
the finite state machine 
(FSM), 


or simply state machine. 


Those parts of digital systems whose outputs depend on 
their past inputs as well as their current 
ones can be 


modeled 
as finite state machines. 
The "history" 
of the 


machine 
is summed 
up in the value of its internal state. 


When a new input is presented 
to the FSM, an output is 


generated 
which depends 
on this input and the present 


state of the FSM, and the machine 
is caused 
to move 


into new state, referred 
to as the next state. This new 
state also depends 
on both the input and present 
state. 


The structure of an FSM is shown pictorially 
in Figure 2. 


The internal state is stored in a block labeled "memory." 
As discussed 
earlier, two combinatorial 
functions 
are re- 


quired: 
the 
transition 
function, 
which 
generates 
the 


value of the next state, and the output 
function, 
which 


generates 
the state machine 
output. 


Sta e Diagram Representation 


The 
ehavior 
of an FSM may be specified 
in graphical 


form 
s shown in Figure 4. This is called a state diagram, 


or st te transition 
diagram. 
Each bubble 
represents 
a 


stat 
,and 
each arrow represents 
a transition 
between 


state 
. Inputs that cause the transitions 
are shown next 


to e ch transition 
arrow. 


Cont 01sequencing 
is represented 
in the state transition 


diag am as shown in Figure 5. Direct control sequencing 
requ res an unconditional 
transition 
from state A to state 


B. Slmilarly 
conditional 
control 
sequencing 
shows 
a 


cond tional transition 
from state C to either state D or 


state E, depending 
upon input signal 
11. 


a. 
D reet Control 
S quencing 
b. Conditional Control 


Sequencing 


For 
oore 
machines 
the output 
generation 
is repre- 


sent 
d by assigning 
outputs 
with states 
(bubbles) 
as 


sho 
n in Figure 6. Similarly, 
for Mealy machines 
condi- 


tiona 
output 
generation 
is represented 
by assigning 


outp 
ts 
to 
transitions 
(arrows), 
as 
was 
shown 
in 


Figu 
4. More detail on Mealy and Moore output gen- 


erati 
n is given later. 


b. Mealy Machine 
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For this notation, there is a specification 
uncertainty 
as 


to which signals are outputs or inputs, as they both occur 
on the drawing next to the arrow in which they are active. 
This is usually resolved by separating 
the input and out- 


put signals names with a line (Figures 
4 and 6). Some- 


times an auxiliary 
pin list detailing 
the logic polarity 
and 


input or output designations 
is also used. 


State transition 
diagrams 
can be made more compact 


by writing 
on the transitions 
not the input values 
that 


cause the transition, 
as in Figure 4, but a Boolean 
ex- 


pression defining the input combination 
or combinations 


that 
cause 
this transition. 
For example, 
in Figure 
7, 


some transitions 
have been shown for a machine 
with 


inputs START, 
X1, and X2. In the transition 
between 


states 1 and 2, the inputs X1 and X2 are ignored (that is, 
they are "don·t cares") 
and thus do not appear 
on the 


diagram. 
This 
saves 
space 
and 
makes 
the function 


more obvious. 
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Figure 
7. State Transition 
Diagram 
with 


Mnemonics 


There can be a problem with this method 
if one is care- 
less. The state transitions 
infigure 
8 show what can hap- 


pen. There are three input combinations, 
(10,11,12,13) = 


(1011}. {1101} and {1111}. which make both (/10·/12 
+ 


13) and (10 • 11 + 10 • 12) true. Since a transition 
to two 


next 
states 
is 
impossible, 
this 
is 
an 
error 
in 
the 


spe 
ification. 
It must either be guaranteed 
that these in- 


put combinations 
never occur, 
or the transition 
condi- 


tion 
must be modified. 
In this example, changing 
(10 *11 


+ 10*12) to (10 * 11+ 10' 12) * /13 would solve the problem. 


FI 
ure 8. State 
Diagram 
with 
Conflicting 
Branch 


Conditions 


St te Transition Table Representation 


A s cond 
method 
for state machine 
representation 
is 


the tabular 
form 
known 
as the state transition 
table, 
whi 
h has the format shown in Table 1. Listed along the 


top 
re all the possible 
input bit combinations 
and inter- 


nal 
tates. 
Each row gives the next state and the next 


out 
ut; thus, the table specifies the transition 
and output 


fun 
tions. However, 
this type of table is not suitable 
for 


spe 
ifying practical 
machines 
in which there is a large 


nu 
ber of inputs, since each input combination 
defines 


a r w of the table. 
For example, 
with 
10 inputs, 
1024 
row 
would be required! 


Table 1. A State Transition 
Table 


Present 
State 
SO-Sn 


Inputs 
10-lm 


Outputs 


Next State 
Generated 


SO-Sn 
00-0 


FI wcharts 


An ther popular 
notation 
is based on flowcharts. 
In this 


notjltion, 
states are represented 
by rectangular 
boxes, 
an~1 alternative 
state 
transitions 
are 
determined 
by 


strit:gs 
of diamond-shaped 
boxes. 
The elements 
may 


hav 
multiple 
entry points, but in general 
have only one 


exit 
The state name is written 
as the first entry in the 


rec 
ngular state box. Any Moore outputs 
present 
are 


writ en next in the state box, with a caret 
(A) following 


!h? 
e that are unregistered. 
The state code assignment, 
If It s known, 
ISwntten 
next to the upper right corner of 


the 
tate box. Decision boxes are diamond or hexagonal 


sha 
ed boxes containing 
either an input signal or a logic 


exp ession. 
Two exits labeled "0" and "1" lead to either 


ano her decision 
box, a state box, or a Mealy output. 


The rounded 
oval is used for Mealy machine 
outputs. 


Again, 
a caret follows 
those 
outputs 
that are unregis- 


tered. All the boxes may need to be expanded 
to accom- 


modate 
a 
number 
of 
output 
signals 
or 
a 
larger 


expression. 


The use of these 
symbols 
is shown 
in Figure 9. Each 


path, through 
the decision 
boxes from one state to an- 


other defines a particular combination 
or set of combina- 


tions of the input variables. 
A path does 
not have to 


include all input variables; 
thus, it accommodates 
"don't 


cares." These decision 
trees take more space than the 


expressions 
would, 
but in many practical 
cases, 
state 


machine controllers 
only test a small subset of the input 


variables 
in each state and the trees are quite manage- 


able. Also, the chain of decisions 
often mirrors the de- 


signer's 
way 
of 
thinking 
about 
the 
actions 
of 
the 


controller. 
It is important 
to note that these tests are not 


performed 
sequentially 
in the FSM; all are performed 
in 


parallel 
by the FSM's state transition 
logic. 


A benefit of this method of specifying 
transitions 
is that 


the problem of Figure 8 can be avoided. 
Such a conflict 


would be impossible 
as one path cannot 
diverge to de- 


fine paths to two states. 


This flowchart 
notation 
can be compacted 
by allowing 


more complex 
decisions, 
when 
there 
is no danger 
of 


conflicts 
due to multiple 
next states being defined, 
Ex- 


pressions can be tested, as shown in Figure 1Oa, or mul- 
tiple branches 
can extend 
from a decoding 
box, as in 


Figure 1Ob. In the second case, it is convenient 
to group 


the set of binary inputs into a vector, 
and branch on dif- 


ferent values of this vector. 


The 
three 
methods 
of state 
machine 
representation 


state diagrams, 
state tables, 
and flowcharts 


are all equivalent 
and interchangeable, 
since they all de- 


scribe the same hardware 
structure. 
Each style has its 


own particular 
advantages. 
Although 
most popular, 
the 


state transition 
diagrams 
are more complex 
for prob- 


lems where 
state transitions 
depend 
on many 
inputs, 


since the transition 
conditions 
are written directly on the 


transition 
arrows. 
Although 
cumbersome, 
the state ta- 


bles allow the designer 
tight control 
over signal 
logic. 


Flowcharts 
are convenient 
for small 
problems 
where 


there are not more than about ten states and where upto 
two or three 
inputs or input expressions 
are tested 
in 


each 
state. 
For 
larger 
problems, 
they 
can 
become 


ungainly. 


Once 
a state 
machine 
is defined, 
it must 
be imple- 


mented on a device. 
Software 
packages 
are then used 


to implement 
the design on a device. The task is to con- 


vert the state 
machine 
description 
into transition 
and 


output 
functions. 
Software 
packages 
also account 
for 


device-specific 
architectural 
variations 
and limitations, 


to provide 
a uniform 
user interface. 


So"le 
software 
packages 
accept all three different 
state 


mac~ine 
representations 
directly 
as 
design 
inputs. 
HoWever, the most prevalent 
design 
methodology 
is to 


contrt 
the three state machine design representations 


to a 
imple textual 
representation. 
Textual 
representa- 
tion 
are accepted 
by most software packages 
although 


the ~yntax varies. 


Since the most common 
of all state machine 
represen- 


tations is the state transition 
diagram 
representation, 
we 


will use it in all subsequent 
discussions. 
Transition 
table 


and flowchart 
representation 
implementations 
will be 


very similar. 


(X., Y', Z., ...) 
(X, Y,Z, ...) 


Asyn 


S 
Moore Output 
ync 


~ 
MD 


Stat 
Machine Types: Mealy & Moore 


With 
he state machine 
representation 
clarified, we can 


no~ 
eturn to the generic 
sequencer 
model of Figure 1, 
whlc 
has been labeled (Figure 11) to show the present 


st~t~ (PS), next state (NS), and output 
(OB, OA). This 


wllIllI 
strate how Mealy and Moore machines 
are imple- 


ment 
d with most sequencer 
devices that provide a sin- 
gle c mbinatorial 
logic 
array 
for both 
next state 
and 


outp 
t decode 
functions. 
There are four ways of using 


th~ 
5:quencer, 
two 
of which 
implement 
Moore 
ma- 


chlnef 
and 
two 
Mealy. 
First, 
let 
us 
look 
at 
the 


Meal 
forms. 


Device 
Inputs 
Next 
State 


Decode 


The ~tandard 
Mealy form is shown in Figure 12, where 


the signals are labeled as in Figure 11 to indicate which 
registers and outputs are used. The register outputs 
PS 


are fed back into the array and define the present state. 
The combinatorial 
logic implements 
the transition 
func- 


tion, which 
produces 
the next state flip-flop 
inputs NS, 


and the output 
function, 
which 
produces 
the machine 


output OB. This is the asynchronous 
Mealy form. 


Memory 
(Registers) 


Output 


Transition 
Register 
Function 
Next 
Inputs 
Function 
State 
(State 
..-- 
NS 
Memory) 


Present State 
PS 


08 
Outputs 


An al ernative 
Mealy form is shown 
in Figure 13. Here 


the 0 tputs are passed through 
an extra output register 


(OA) 
nd thus, 
do not respond 
immediately 
to input 
chan 
es. This is the synchronous 
Mealy form. 


AMD;t1 


I 


Output 
Function - 
- 
Transition 
Next 
Register 
Register 
pu s 
Function 
State 
-. 
NS 


Present State 
PS 


OA 
Outputs 


Output 


Register 
Function - 
Transition 
Next 
puts 
Function 
State 
(State 
r--- 
NS 
Memory) 


Present State 
PS 


OB 
Outputs 


Transition 
Next 
Register 
nputs 
Function 
State 
- 
NS 


Pre 
PS 


OA 
Outputs 


The standard 
Moore form is given in Figure 14. Here the 


outputs OB depend only on the present state PS. This is 
the~ynChrOnous 
Moore form. The synchronous 
Moore 


for 
is shown in Figure 15. In this case the combinato- 


rial 
gic can be assumed 
to be the unity function. 
The 


out 
uts (OB) can be generated 
directly 
along with the 


State 
Machine 
Design 


present state (PS). Although these forms have been de- 
scribed separately, 
a single sequencer 
is able to realize 


a machine 
that combines 
them, 
provided 
that the re- 


quired paths exist in the device. 


~AMD 


In th 
synchronous 
Moore form, the outputs occur in the 


state in which they are named in the state transition 
dia- 


gram. Similarly, 
in the asynchronous 
Mealy and Moore 


forms the outputs 
occur 
in the state in which they are 


named, although 
delayed 
a little by the propagation 
de- 


lay qf the output decoder. 
This is because they are com- 


binatorial 
functions 
of the state (and inputs in the Mealy 


cas 
). 


Ho 
ever, the synchronous 
Mealy machine 
is different. 


Her~ an output does not appear in the state in which it is 
na"¥ld, 
since 
it goes 
into another 
register 
first. 
It ap- 


pears when the machine 
is in the next state, and is thus 


del~~ed 
by one clock cycle. 
The state diagram 
in Fig- 


ure 16 illustrates 
all the possibilities 
on a state transition 


diagram. 


Asynchronous 
Moore Output 
Available 


Flpure 
16. State 
Diagram 
Labelling 
for Different 


Output 
Types 


As" 
matter of notation, 
Moore outputs 
are often placed 


withIn the state bubble 
and Mealy outputs 
are placed 


nex, to the path or arrow that activates 
them. 


Thelrelationship 
of Mealy and Moore, synchronous 
and 


asy~chronous 
outputs 
to 
the 
states 
is 
shown 
in 


Figure 17. 


Device selection 
Considerations 


There are three 
major criteria 
for selecting 
the correct 


state machine 
device for a design: 


• 
Number of inputs/outputs 


- 
I/O flexibility 


- 
Number of output 
registers 


• 
Speed 


• 
Intelligence/functionality 


- 
Number of product 
terms 
- 
Type of flip-flops 
- 
Number of state registers 


Number of I/Os 


The number 
of inputs, outputs 
and I/O pins determine 


the signals that can be sampled or generated 
by a state 


machine. 


Timing 
and Speed 


The timing 
considerations 
for sequencer 
design 
are 


similar to those 
for registered 
logic design. 
A system 


clock cycle forms the basic kernel for evaluating 
control 


function behavior. 
Forthe 
most part, all input and output 


functions 
are specified 
in relationship 
to the 
positive 


edge. Registered 
outputs are available 
after a period of 


time Ico, the clock-to-output 
propagation 
delay. 
Asyn- 


chronous 
outputs require an additional 
propagation 
de- 


lay (tpo) before they are valid. 


For the circuit to operate 
reliably, 
all the flip-flop 
inputs 


must be stable 
at the flip-flop 
by the minimum 
set-up 


time 
(ts) of the flip-flops 
before 
the next active 
clock 


edge. If one of the inputs changes 
after this threshold, 


then 
the 
next 
state 
or synchronous 
output 
could 
be 


stored incorrectly: 
the circuit may even malfunction. 
To 


avoid this, the clock period (tp) must be greater than the 
sum of the set-up time of the flip-flops 
and the clock to 


output 
time 
(ts + Ico). 
This determines 
the minimum 


clock period and hence the maximum 
clock frequency, 
fMAX, of the circuit. Metastability 
and erroneous 
system 


operation 
may occur if these specifications 
are violated. 


The timing relationships 
are shown in Figure 18.ln each 


cycle there are two regions: the stable region, when all 
signals are steady, and the transition 
region, when the 


machine is changing 
state and signals are unstable. The 


active clock edge causes the flip-flops 
to load the value 


of the new state that has been set up at their inputs. 


5-~ 


1 


egistered 
M ore Input 


egistered 
Me Iy Output 


Asy chronous 
Mo re Output 


Asy chronous 
Me Iy Output 


Regislered 
Output 


As nchronous 
Output 


X~ 
~_o_n_+_1 
X 
o_n_+_2 
__ 


x 
X 
."~ 
L 


n 
X 
n + 1 
X 
n+2 
X 
n+3 
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At a t me after this, the present state and output flip-flop 
arrive. This fact causes 
reliability 
problems 
that cannot 
outp 
ts will start to change 
to their new values. 
After a 
be completely 
eliminated, 
but only reduced 
to accept- 
time 
as elapsed, the slowest flip-flop output will be sta- 
able levels. 
ble a its new value. Ignoring 
input changes 
for the mo- 
ment 
the 
changes 
in the 
state 
register 
cause 
the 


com 
inatorial 
logic to start generating 
new values 
for 


the 
synchronous 
outputs 
and the 
inputs 
to the flip- 
flops 
If the propagation 
delay of the logic is tpo, then the 


stabl 
period will start at a time equal to the sum of the 


maXf' 
um values of teD, and tpo. 


Asy 
chronous Inputs 


Th.e t ~ing 
of the inputs to an asynchronous 
state ma- 


chin 
IS often 
beyond 
the control 
of the designer 
and 


mayfe 
random, 
such as sensor or keyboard 
inputs, or 


they 
ay come from another 
synchronous 
system that 


has 
n unrelated 
clock. 
In either case no assumptions 


can, 
made about the times when inputs can or cannot 


Figure 19 shows two possible transitions 
from state "51" 


(code 00) either back to itself, orto state "52" (code 11). 
Which transition 
is taken depends 
on input variable 
"AU 


which is asynchronous 
to the clock. The transition 
func- 


tion logic for both state bits B 1 and B2 include this input. 
The input A can appear in any part of the clock cycle. For 
the flip-flops to function correctly, 
the logic for B1 and B2 


must 
stabilize 
correctly 
before 
the 
clock. 
The 
input 


should be stable in a window 
Is (setup time) before the 


clock 
and tH (hold time) 
after 
the clock. 
If the 
input 


changes 
within this window, 
both the flip-flops 
may not 


switch, causing the sequence 
to jump to states 01 or 10 


which are both undefined 
transitions. 
This type of erro~ 


neous behavior 
is called an input race. 


A so ution to this problem 
is to change the state assign- 


men 
so that only one state variable 
depends 
on the 


asy 
chronous 
input. 
Thus, 
the 
11 
code 
must 
be 


cha 
ged 
to 
01 
or 
10. 
Now, 
with 
only 
one 
un- 


syn 
hronized 
flip-flop 
input, either the input occurs 
in 


time to cause the transition, 
or it does not, in which case 


no transition 
occurs. 
In the case of a late input, the ma- 
Chin~1will respond to it one cycle later, provided that the 
inpu 
is of sufficient 
duration. 


The e is still the possibility 
of an input change 
violating 


the 
etup time of the internal flip-flop, driving it into a me- 


tast 
ble state. This can produce syste m failu res that can 


be ~inimized, 
but never eliminated. 
The same pr~blem 


arises when outputs depend on an asynchronous 
Input. 


ve~ 
little can be done to handle 
asynchronous 
inputs 


withbut severely constraining 
the design of the state ma- 


chine. 
The only way to have complete 
freedom 
in the 


use~1f inputs is to convert them into synchronous 
inputs. 
This can be done by allocating 
a flip-flop to each input as 


sho 
n in Figure 20. These synchronizing 
flip-flops 
are 


cloc 
ed by the sequencer 
clock, and may even be the 
sequencer's 
own internal 
flip-flops. 
This method 
is not 


foolproof, 
but significantly 
reduces 
the chance 
of me- 
tastability 
occurring. 


Functionality 


The functionality 
of different 
devices 
is difficult to com- 


par 
since different 
device 
architectures 
are available. 
The 
number 
of registers 
in a device 
determines 
the 


nUl11berof state combinations 
possible. 
Howe~er, allthe 


possible state combinations 
are not necessanly 
usable, 
sincb other 
device 
constraints 
may be reached. 
The 


nU~berof 
registers does give an idea of the functionality 
achievable 
in a device. Other functionality 
measures 
in- 
clude the number of product terms and type of flip-flop. 
onl 
device 
may be stronger 
than 
another 
in one of 
the 
e measures, 
but overall 
may be less useful due to 


oth 
r shortcomings. 
Choosing 
the best device involves 
bot 
skill and experience. 


In order to give an idea of device 
functionality, 
we will 


consider 
each of the architecture 
options 
available 
to 


the rSigner 
and evaluate 
its functionality. 


Input 
Register 


Combinatorial 


Logic 
Output 
SO 
Register 


State 
Register 


PAL Devices as Sequencers 


A vast 
majority 
of state 
machine 
designs 
are imple- 


mented with PAL devices. 
Early versions 
of software 
re- 


quired the user to manually 
write the sum-of-products 


Boolean equations 
for using PAL devices. 
Second gen- 


eration 
software 
allows 
one to specify 
the design 
in 
"state machine 
syntax," 
and handles 
the translation 
to 


sum-of-products 
logic automatically. 
PAL devices 
im- 


plement 
the output 
and transition 
functions 
in sum-of- 


products form through a user-programmable 
AND array 


and a fixed OR array. 


PAL devices deliver the fastest speed of any sequencer 
and are ideally 
suited 
for simple 
control 
applications 


characterized 
by few input and output 
signals 
interact- 


ing within a dedicated 
controller 
in a sequential 
manner. 


The number 
of flip-flops 
in a typical 
PAL device 
range 


from 8 to 12,which offer potentially 
more than one thou- 


sand state values. Since some of the flip-flops 
are used 


for outputs, 
and the number of product terms is limited, 


the usable numberof 
states is reduced drastically. 
Gen- 


erally, up to about 35 states can be utilized. 


~IAMD 
PAt Device Flip-Flops 


PAL device 
based 
sequencers 
implement 
small state 


mac 
ine designs, 
which have a relatively 
large number 


of 0 tput transitions. 
Since the output register~ change 


with most state transitions, 
they can be used slmultane- 


OUSltas state registers, 
once the state values are care- 
fully 
elected. Most PAL devices are used for sm.all state 


mac 
ines, 
and efficiently 
share the same 
register 
for 


outp 
t and state functions. 
High-functionality 
PAL de- 


vice 
ased sequencers 
provide 
dedicated 
buried state 


registers 
when sharing 
is difficult. 


As a~tate 
machine 
traverses 
from one state to another, 
eve 
output 
either 
makes 
a transition 
(changes 
logic 


level 
or holds (stays at the same logic level). S~all 
state 


mac 
ine designs 
require relatively 
more transitions 
and 


fewe 
holds. As designs 
get larger, state machines 
sta- 


tisticiilly 
require 
relatively 
fewer 
transitions 
and more 


holds. 


Most PAL devices 
provide 
D-type output 
registers. 
D- 


type flip-flops 
use up product terms only for active transi- 


tions from logic LOW to HIGH level, and for holds for 
logic HIGH level only. J-K, S-R, and Hype 
flip-flops 
use 


up product 
terms for both LOW-to-HIGH 
and HIGH-to- 


LOW transitions, 
but eliminate 
hold terms. Thus, D-type 


flip-flops 
are more efficient 
for small state. ~achine 
~e- 


signs. Some PAL devices 
offer the capability 
of .conflg- 


uring the flip-flops 
as J-K, S-R or Hypes, 
whICh are 


more efficient for large state machine designs 
since they 


require no hold terms. 


Many examples 
of PAL-device-based 
sequencers 
can 


be found in system time base functions, 
special count- 


ers, interrupt controllers, 
and certain types of video dis- 


play hardware. 


PAL devices 
are produced 
in a variety of technologies 


for multiple 
applications, 
and provide 
a broad range of 


speed-power 
options. 
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With dig' allogic design, it is all too easy to design a circuit which 
merely ir(lplements a specified function. When production starts 
it is suddenly found that the circuit cannot be tested, or perhaps 
that test 
cannot be performed economically. Dealing with this 
situation can, at the very least, have a negative impact on the 
introduct on of the system into the marketplace. 


Potential headache can be avoided by taking test issues into 
consider tion during the initial design. Instead of just designing a 
circuit w ich implements a specified function, which is the bare 
minimu 
that must be accomplished, that function needs to be 


impleme ted in a manner which can be tested. 


The pur~p,oseof this section is to establish the notion of testability 
and its i 
portance, and then to provide ways of avoiding the most 


common untestable circuits. The issues will be discussed primar- 
ily in the 
ntext of logic design in PLD's, although they are also 


relevant or general logic design. 


In additi n, test vectors will be reviewed. Various kinds of vectors 
are ment oned, and the general tools available for vector genera- 
tion will 
e summarized. 


DefinT9 
Testability - 
A Qualitative Look 


A compl tely testable design is one in which any and all device 
fau~s ca 
be systematically detected. 


First not that the issue isone of devices, not designs. The design 
itself must work as specified; that is the main job of the design 
engineer' Once the design is implemented in a device, the issue 
is how t 
test the device to make sure that the design has been 


correctly implemented. Throughout this paper, then, it will be 
assume 
that a particular design works as is; we will just be 
addressi g its testability. 


The eas est and most effective means of testing a circuit is 
through 
systematic series of tests. A random set of tests may 


also do 
ell, but does not yield much information regarding the 


testabilit 
of a circuit itself. No number of random (or systematic) 
vectors 
an test an inherently untestable circuit. 


In order~bbe able to perform a systematic test sequence, every 
part of thp circuit under test must be accessible, so that it can be 
controlle~. Only then can each node be forced high or low as 
needed.~hiS is essentially 
a requirement of complete controll- 
ability of he circuit. 
In order a be able to detect faults every part of the circuit must 
also be v sible to the outside world, so that the results of each test 
can be ot;>served.In this manner, each node can be inspected to 
determinp its logic level. This requires complete observability. 
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These are, of course, the age-old issues of controllability and 
observability, which are as important for digital logic circuits as 
they are for so many other kinds of systems. If any portion of a 
circuit is uncontrollable or unobservable, then the testability of the 
entire circuit is compromised. 


Figure 1 shows a couple of completely untestable circuits. The 
integrity of the top input in Figure 1a can never be verified. No 
matter whether it is shorted to ground, to VCC' or whether it is 
functioning correctly, the output will be the same. That is to say. 
any faults on the top input cannot be observed at the output. 


The circuit in Figure 1a would appear pretty useless as is. It is 
possible, however, that instead of being directly grounded, the 
second input may be driven by some distant signal, possibly on 
a different PC board, which happens to be a a logic low. If you 
cannot bring this line to a logic high, then it might as well be 
grounded. 


The circuit in Figure 1b essentially has no input. This circuit can 
be thought of as a latch, but there is no way to change its logic 
state. Therefore, it is completely uncontrollable. 


Intheory, if we want to quantify the testability of a given circuit, we 
might first attempt to make a list of all possible things that could 
go wrong with a circuit (no matter how unlikely), and then verify 
that all such "faults' can be tested, in all combinations and 
permutations. But for a circuit of any significance whatsoever, it 
will rapidly become apparent that this is not a practical sclu1ion. 
What we need instead is a measure which can give an empirically 
reliable indication of the testability of a circuit, or of the quality of 
a given set of tests. There are several different such measures, 
but the most popular of these is the single 
stuck-at 
faults model. 


~AMD 


Ther~1are several ways of analyzing circuits for single stuck-at 
fault . For very large circuits, various testability analysis schemes 
have 
een developed. However, for smaller circuits, especially of 


the sIZethat would be put into a PLO, the more common method 
uses simulation. 


A giv~n circu~ is first simulated. The quality of the simulation is 
impottant; the more complete the simulation the better. A thor- 
ough simulation can then serve as a benchmark test sequence 
later. Inthis way, the fault simulation procedure also allows us to 
mea~ure the quality of a given simulation, or set of tests, in 
add~lOnto the testability of the circuit. 


The rfsults of the simulation are recorded. Next, one node in the 
circu' 
is modeled with a "stuck-at" fault - 
either stuck-at-one 


(SA1 or stuck-at-zero (SAO),as shown in Figure 2. The circuit is 
now resimulated. If the simulation results of the modified circu~ 
are d~ferent from the simulation results of the good circu~, then 
the fiult was detected. If not, then we have a faulty circuit which 
appe rs to operate correctly. 


This procedure is repeated for each node, one node at a time 
(hengethe name "single" stuck-at faults). The nodes are modeled 
w~h ~th 
SA1 and SAD faults, so that for N nodes, we will have 


2N si 
ulations. If of those 2N simulations, 0 of them produced 


simul tion results different from those of the original circuit, then 
we s1 that this simulation tested this circuit w~h a test coverage 
of 01 
N)"100%. Whereas this specifically tests only for single 


faults experience shows that it is also a good test for multiple 
stuck at faults. 


Why 
re some of the faults not detected? For simple combinato- 


rial logic, there are two basic reasons: either the simulation was 
not complete enough to find the fault, or the circu~ itself cannot be 
teste~for the fault. So when an undetected fault is located, the 
first s ep taken is to add vectors to the simulations which will 
exerc se the node being tested. By doing this, we gradually 
impro e the qual~ 
of the simulation, and thus the quality of the 


test sequence that we can use in production. 


I 
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It is possible that certain nodes will have undetectable faults for 
which no new vectors can be added. These are the result of an 
untestable design. It is the joint job of the test and design 
engineers to generate a test sequence that is as complete as 
possible. It is the design engineer's responsibil~y to provide a 
circu~ which is testable. If both of these responsibil~ies are 
carried out, the result will be atestable circu~ which can be tested 
w~h an exhaustive test sequence. This will yield the highest 
qual~y system. Note, however, that the overall responsibil~ 
is 


shared between the design and test engineers. 


Needless to say, this process of analyzing the testabil~y of a 
circu~ is not done all by hand; software aids are used. There are 
many different kinds of programs that run on many different kinds 
of systems, ranging from pes to workstations to mainframes. 
Some of them are standalone programs; others are integrated 
into larger overall environments. Their specific capabimies also 
vary, but ingeneral, they can simulate a given circu~ w~h a given 
set of vectors; analyze the test coverage that the vectors provide 
for the circu~; and generate new tests, e~her from scratch or by 
improving on the coverage of a few manually generated "seed" 
vectors. Most can also point out potential problems areas of a 
circuit, such as race conditions and logic hazards. 


Finally, one frequently asked question is"So what if there is afault 
that can never be detected. Who cares?" Theoretically, this 
question is not unreasonable. However, most companies will not 
feel comfortable telling a customer "We only tested half of the 
system, but if anything goes wrong w~hthe other half, YOU'llnever 
notice it: In addition, as will be seen, many untestable circu~s 
occur as a result of poor design practices. 


Testability issues for sequential circuits have implications far 
beyond the test bed. Indeed, failure to take these issues into 
account can greatly affect the normal performance of a system. 
The key for state machines is controllability. The challenge is to 
make all elements of the circuit controllable, both for testing and 
for general functionality. 


All of the previous procedures dealt mostly w~h the ways inwhich 
existing circuits are treated. However, if a finished circu~ isfound 
to be untestable, then it must be redesigned for testability. An 
easier approach is to design for testability from the beginning. 
Unfortunately there is no direct recipe for a testable design. There 
are, however, many common ways of making a circu~ untestable. 
Most of this section is devoted to pointing out such problems. 


The simplest kind of problem is redundant logic. Figure 3a shows 
one such circu~. It has a purely redundant product term. If the 
output of e~her of the product terms is stuck low, for any reason, 
then as long as the other product term is good, the fault will never 
be visible at the output. 


This may in~ially look like a benefit, since we have what we could 
call a "primary" circuit w~h a "backup." One can cover up some of 
the failures of the other (but not all failures). 
If this kind of 


redundancy istruly desired, this is not the way to achieve ~.When 
you ship out this circu~, you do not know if you really have a 
working primary and backup. The primary may already be mal- 
functioning; since it was never tested, you will never know. If you 
want useful, reliable redundancy, test circu~ry must be added, as 
in Figure 3b, so that each part of the circu~ can be independently 
tested. 


Figure 4 sows 
another redundant circuit. Although the product 


terms are 
ot identical, the larger AND gate is really redundant. 


Any stuck low faults at the output of this gate are not detectable. 


B~A'B 
+ A'B 
= A'B 


I 
~IRIMARY 


BACKUP 


_ A'B'PRIMARY 


+ A 'B'BACKUP 


Redundaht logic is a special case of what is called reconvergent 
fanout. TbiS is a term that refers to circuits that have inputs 


I, ~ 
,.~" 
0.' ~0.' 
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splitting 
p, going through independent logic paths. and then 


reconVer~ing to form a single output, as shown in Figure 5. When 
this haPl1ns. it is very easy to introduce untestable nodes. It may 
not be e 
y to identify where such nodes are. 


Figure 6' 
an example of a reconvergent circuit. The inputs are 


shared between two different product terms, which are eventually 
summed. This circuit appears harmless enough. but it turns out 
that the node indicated by "SA1" cannot be tested for a stuck-at- 


Figure 5, Reconvergent 
Fanout 


one condition. In other words, there is no way that we can 
guarantee that that node is operating correctly. 


It is worth analyzing this circuit a bit more closely. This will give 
some insight into the kinds of analyses that are necessary when 
evaluating circuits and generating tests, and into the ways in 
which untestable nodes are created. 


A 


B 


~we wish to prove that the node in question is not stuck high. then 
we must force it low and prove that we were successful in doing 
so. Thus we have two requirements: forcing the node low. and 
seeing the logic low on the output -controlling 
and observing the 


node. 


First we raise input C high to force the node to a logic low 
condition. as in Figure 7a. This satisfies our controllability require- 
ment. Next we need to provide a way to propagate this logic low 
to the output (Figure lb). This is referred to as sensitizing a path 
to the output. The first step is to get the logic low past the AND 
gate. But if either input A or B is low. then the output of the AND 
gate will be low regardless ofthe node being tested. Thus we must 
force both A and B to a logic high. so that if there is a low on the 
output of the AND gate. we will know for sure that it came from the 
node we are testing. This is shown in Figure 7c. 


Next we wish to get the logic low through the OR gate to the 
output. To do this. we must insure that the second OR input is 
always low; if it is high. then the output of the OR gate will be high 
regardless of the node being tested. ~we can keep the lower OR 


A = 
1 


B = 1 


a. Controllability: 
Forcing 
the 
Node 
Low 


A 


B 


A 
~ 
1 


B = 1 


input low, then if the node we are testing was sucessfully forced 
into 
low condition, then the output will be low. Otherwise the 


outp t will be high. This can be seen in Figure 7d. 


How 
0 we keep the lower OR input low? By making the output 


of th 
lower AND gate low, which can be done by setting one of 


its in, uts low. However, we have already required that all of the 
input! be high. Thus we have required a set of conditions that 
cann t be met. One of three things will result: 


1. T e lower AND gate has both inputs high, andtherefore keeps 


the lower OR input high. In this case, we may have been 


~ 


I ocessful in forcing the node under test low, but we cannot 


s e it at the output. 


2. 
e bring input B low, allowing the lower OR input to go low. 
H wever, now the output of the upper AND gate will always be 
10 
. So we will see a low at the output, but we cannot be sure 


e actly where the low came from. 


3. 
e bring input C low, allowing the lower OR input to go low. 


H wever, now we are no longer forcing the node under test 
10 


So wean 
either force the node low, but cannot seethe low atthe 


outp t; or, we can see a low at the output but cannot be sure of 
itsso 
rce;or, we cannot force the node itself low. In any case, we 


will n ver be able to guarantee that the node under test is not 
stuc 
high. 


Note ~hatthe two "independent logic blocks" which generate the 
sign~ls that eventually reconverge are testable by themselves; 
they ~re just AND gates. It is only when we hook them together 
via the OR gate that the overall circuit becomes untestable. Thus 
the tdstability of individual portions of a circuit does not guarantee 
thalt e entire circuit willbe testable when the testable pieces are 
all 
nected. 


We c n minimize this circuit using the following steps: 


A'B" 
+ B'C = A'B'G + B'C + A'B'B 
(by consensus) 


= A'B'G + B'C + A'B 
=A'B+ 
B'C 


Thus the node we were trying to test is really not needed in the 
logic. The resultant circuit is shown in Figure 8, and is completely 
testa Ie. 


Not a Ireconvergent circuits are so simple. Figure 9 shows a more 
com licated reconvergent circuit. Here some signals have to 
trave through several levels of logic to reach their final destina- 
tion. 
his introduces considerable skew into the circuit, and will 


prod ce glitches on the outputs during certain transitions. In 


'~ 
- 
A'S 


:~ 
+S'C 
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addition to this, there is again a stuck-at-one fau~ that cannot be 
tested. 


Circuits like this can result from the design iteration process, as 
a designer tries to debug a circuit. By adding this and that, 
eventually the circuit works. But it is a mess, has poor timing 
characteristics, and is untestable. A little analysis of the logic itseM 
shows that: 


the bottom output is 
(A+ B) = A'B 


thus the middle output is 
(A'B) = A + 13 


(A'B'G + C'(A + Bl) = (A'B'C + A'B'C) 


= (A'B) 
=A+B 


That is, the top two outputs are actually the same, and the third 
output is just the inverse of the top two. As convoluted as the 
original circuit looks, the logic itseMis actually trivial. So if three 
outputs are really needed for some reason, we can generate them 
independently, as in Figure lOa. If only two outputs are needed, 
it is even easier. Figures lOb and 1Dc show two possibilities. 


These circuits are much easier to understand, their timing char- 
acteristics are better, and they are completely testable. 


The common factor behind all of the untestable circuits we have 
examined is the fact that all of them were not minimal. By 
minimizing the logic, we made the circuits testable. This is true in 
general: UNMINIMIZED 
LOGIC 
CANNOT 
BE FULL Y TESTED. 


l 


b. 
A Clean. 
Fast 2-0utput 
Version 


A_~ 


B I 
: 
I(A'B) 


= I(IA 
+ IB) 


Very ofte 
, especially 
when 
designing 
with PLDs, 
an attempt 
is 
made 
to 
inimize 
logic 
only 
to the 
point 
where 
it fits 
into 
a 
particular 
LD. Any further 
minimization 
is considered 
an aca- 


demic waste of time. This is a grave 
misconception. 
Getting 
rid of 


all extra 
product 
terms, 
and eliminating 
all extra 
literals 
on the 
remaining 
product 
terms 
has real value. 
Failing to do so will resuh 


in untestafle 
nodes 
in the circuit. 


Minimizin 
is not always 
enjoyable, 
since 
hand techniques 
are 


usually 
to 
tedious, 
and Karnaugh 
maps are essentially 
useless 


for more t 
an four or five inputs. 
However, 
computers 
have long 
been 
use\! to minimize 
logic. 
In particular, 
PALASM® 
software 


(version 
2.22 
and 
later) 
has a minimization 
routine 
which 
can 
minimize 
ogic automatically 
before 
assembly. 


Logic i.azardS 


Oneoccafional 
side effect of minimization 
can be the introduction 
of glitches into a circuit. 
Figure 
11 a shows 
such a "glitchy· 
circuit. 


The 
wav,form 
in Figure 
11 b shows 
that 
under 
steady-state 


condition~as 
long as inputs A and C are high, the output 
is high 


regardles 
of B. However, 
as B changes 
from high to low, causing 
the top pr 
uct term to shut off and the bottom 
one to turn on, the 
inverter 
aClds a bit of delay to the path that will turn on the lower 
product 
t4rm. 
Thus the top term 
may shut off before 
the bottom 


one gets 
jl chance 
to turn on. In this case, 
we have two logic low 


signals 
gcling into the OR gate, giving a low on the output. 
As soon 


as the 10 
er product 
term turns on, the output goes back high, but 


x: 
A'B 


+ /B'A 
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Figure 
11. 
Examining 
a Glltchy 
Circuit 


not before 
the appearance 
of the high-low-high 
glitch. 


Figure 
11c shows 
the Karnaugh 
map for this circuit. 
It is minimal, 


but there 
are two product 
terms 
which 
do not overlap; 
they 
are 
"adjacent· 
in one location. 
These 
represent 
the two AND gates in 


the circuit 
diagram. 
The arrows 
indicate 
the troublesome 
transi- 


tion: when A and C are high, and when B changes 
from high to low 


or the reverse. 
We can intuitively 
think of this as a "gap· 
between 


the two adjacent 
product 
terms, 
in which 
a glitch 
may occur. 


Note that glitching 
is not a certainty. 
It is called 
a hazard because 


in certain 
situation, 
given 
certain 
timing 
situations, 
there 
is a 


chance 
that a glitch will occur. 


Note also that the glitch 
is not really 
caused 
by the minimization 


process 
itself, but is caused 
by these "gaps· 
in the Karnaugh 
map. 


Unminimized 
logic with such gaps 
may also be glitchy. 


A PROM 
is a good example 
of such a circuit. 
PROMs 
can be used 


to implement 
any logic function 
of their inputs. 
However, 
regard- 


less of the function, 
it is implemented 
in a completely 
unminimized 


fashion, 
using complete 
minterms. 
So even a function 
as simple 


as the one 
in Figure 
12 (which 
could 
be implemented 
using 
a 


single 
product 
term, 
grouping 
aU 1's into a single 
ceU) is imple- 


mented 
with each 
1 in its own cell. Thus there 
is a gap between 


every 
cell, 
meaning 
that 
every 
transition 
is a potential 
glitch. 


~ 
MD 


PRO 
s are notoriously glitchy, and it is for this reason that the 


outpu of a PROM is actually undefined until its access time has 
elapsbd. 


If we gO back to the Karnaugh map in Figure 11c, we see that we 
can eliminate the gap-and 
the glitch -by 
adding a product term 


whic~ overlaps both existing product terms and covers the gap. 
This is shown in Figure 13a, with the resu~ant circuit shown in 
Figur~ 13b. 


I 


This circuit is no longer glitchy. Unfortunately, it is also no longer 
testable, since we have added in a redundant product term that 


z 
x 
Yoo 
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cann9t be tested (try it yourself). In order to have a circuit that is 
both testable and glitch-free, we must add atest inputto the circuit 
Whic~ we can use to shut off the outside gates, isolating the 
middle gate for testing (Figure 14a). When the circuit is operating 
normally, the extra input is kept at a logic high condition, where it 
does not interfere with the basic logic function. 


A 


The 
arnaugh map for this circuit is shown in Figure 14b. Note 


that 
IIproduct terms overlap, but now the circuit is minimal. The 


sizef 
the Karnaugh map has doubled, since we added another 


input. But if we isolate just that portion which corresponds to the 
test input being high, which is the normal operating mode (see 
Figure 140), it looks exactly like the map of Figure 13a. Of course 
we should expect this, since we do not want the addition of a test 
circuit to affect the basic function. 


Thus, ingeneral, these types of glitches can be eliminated first by 
adding some redundant logic to get rid of the gaps in the 
Karnaugh map, and then by adding atest inputto make the circuit 
testable. 
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c. Karnaugh Map Showing Non·Test·Mode 
Portion 
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Using Iutput 
Enable 


Most stat 
machine PLDs are equipped with an enable pin for 


disabling t e outputs. This is a key feature when the circuit board 


IS to be te ted In a bed-of-nalls tester. When the devices driven 
by by the PLD are tested, it is recommended that the PLD be 
disabled ~o that there is no output level contention. Since the 
enable pin is usually grounded to keep outputs permanently 
enabled, . can instead be made available for use during testing. 


Note that or combinatorial devices, there is generally no output 
enable pin'.The disabling feature is instead implemented through 
a product erm. This feature is called programmable three-state. 
Designing the part such that the outputs can be disabled during 
bed-of-na Is testing is also encouraged for these combinatorial 
designs. 


F gure 15. Untestable 
combinatorial 
circuit 


with programmable 
three-state 


AMD~ 


The user must be especially aware of the observability of outputs 
with programmable output three-state. 
In Figure 15, input B 


controls both the basic circuit logic and the three-state control 
logic. Therefore, any function which involves B in a LOW state will 
not be observable, since the output will not be on. Figure 16a is 
a simplified representation of a register whose output cannot be 
observed because the three-state buffer is disabled when the 
output is LOW. Likewise, the circuitry in Figure 1Gbcannot be 
observed when the flip-flop output is HIGH. The user must make 
sure that an output will not be disabled when the resuns of a test 
are to be observed. 


Figure 16. Untestable 
registered 
output with 


programmable 
three-state 
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The 
esign of sequential circuits involves considerations above 


and beyond those required for simple combinatorial circuits. 
Latc es and oscillators are circuits which appear combinatorial, 
but 
hich use feedback to introduce sequential properties. State 


mac ines use flip-flops and feedback to generate what can be 
com lex sequential circuits. 


Whe eas combinatorial circuits depend only on the conditions of 
pres nt inputs, sequentiaicircuits depend on both present condi- 
tions and past behavior to determine future behavior. This is 
mad 
possible primarily by feedback. Feedback takes an output 


signjl and routes it back for use as an input to the same circuit, 
as s own in Figure 17. We now have a situation where an output 
dep nds on itself; this can introduce new testability problems. 


Most equential circuits (under varying circumstances also called 
state machines, finite state machines, and sequencers) make 
use 0 flip-flops as memory elements. These memory elements 
serve 0 remember a past condition (called a state) so that afuture 
decis 
n can be made based on it. This state is then fed back as 


input. With PLDs, the flip-flops and combinatorial logic are con- 
taine 
within a single device, as shown in Figure 18. 


Figure 18. Structure 
of a Sequential 
PLD 


Of cotrse, the effects of feedback may have to be considered 
even 
hen there are no flip-flops. The circuit in Figure 17 has 


feedb ck, but has no flip-flops. Such a circuit will either function 
as a i1 


tchor as an oscillator, as will be seen. 


Befor 
we look into the special needs of circuits with feedback, 


bear i 
mind that all of the testability criteria discussed for 


combi atorial logic still hold. The blocks of combinatorial logic 
shown in Figures 17 and 18 must be testable by themselves. 
What 
e will discuss here are issues which must be considered 


in addi ion to the issues involving combinatorial logic. 


A combinatorial logic circuit which uses positive feedback is a 
latch. The simplest possible latch is shown in Figure 19a. The 
output is fed back as an input in its TRUE form. This means, of 
course, that the output will stay at its present level; hence the 
name "latch." 


The circuit as shown is clearly not useful, since it will always 
remain in its power-up state. Ifanother input is added, as in Figure 
19b, a HiGH output could be made to go LOW by setting the 
RESET inpu1LOW. However, once the output goes LOW, there 
is no way to make it go HIGH again. Likewise, the circuit could be 
modified as in Figure 19c. Now a LOW output can be made HIGH 
by setting the SET input HIGH. However, once HIGH, the output 
can never be made to go back LOW. 


For a latch to be useful, it must be completely controllable. The 
previous latches cannot be completely controlled. In order for a 
latch to be controllable, it must have both SET and RESET 
controls, as shown in Figure 20. 


SET~ 


RESET~ 


In PLDs, a latch can be detected by simplifying the logic for each 
function. If an output is a function of itself in TRUE form, then it is 
a latch. To be controllable, 


productterms containing the feedback should have at least one 
other direct input in the product (providing RESET control). 


there should be at least one product term with no feedback 
(providing SET control). 


The circuit in Figure 21a provides an example. At first it is not 
immediately obvious that the circuit is a latch, but when the logic 
is simplified, we see that indeed it is. It is controllable since it has 
both SET and RESET controls. If the logic were as shown in 
Figures 21b or21 c, the latch would be uncontrollable under some 
circumstances. 


_A 


+ B'(C 
+ O'X) 


• 
A 
+ B'C 
+ B'O'X 
LJ 
RESET 


JSET 
The circuit of Figure 20 can be generalized to have several inputs 
on both the set and reset controls. Such a circuit is shown in 
Figure 22. In this case, we have two inputs on the set AND 
gate. If the two set inputs A and B change from 0 and 1 to 1 and 
0, respectively, then there will be a glitch or a false latch at the 
output if both inputs were 1 at some time during the transition 
(Figure 22). For this transition, it is important to make sure that 
the 1-0 transition be made before the 0-1 transition to avoid 
anomalous output behavior. Merely delaying one input will not 
help, since it will delay both rising and falling transitions. 


x = B'Y 
+ B'O'X 
L..J 
RESET 


X=A+Y 
= A 
+ B'C 
+ X 


] SET 


triggered flip-flop to synchronize the signals. This will eliminate 
any such glitches. If a flip-flop cannot be used, it is possible to 
delay reaction to a "11" condition to make sure that such a 
condition is not transitory. A circuit that accomplishes this is 
This delay circuit will delay the effect of an "11" input by an ex1ra 


sho I n in Figure 23a. This is relatively efficient in that only one 
delar circuit is required regardless of the number of inputs used 
on t~e set control (within the limits of the size of the AND gate). 
It will require an extra output on a PAL device. 


prop gation delay. However, it also provides a window of one 
prop gation delay which will screen out any transitory "11" 
condi\ions that occur within that window. This allows up to one 
propagation delay's worth of skew between inputs during a 
transition from "01" to "10." 


Because we have introduced redundancy, the circuit must be 
modnied to be testable. 
If the circuit is implemented 
in a 


combinatorial PAL device, then programmable three-state can be 
used to test the circuit, as shown in Figure 23b. 
By enabling 


output X, the redundant circuit can be observed without regard to 
Y. Then, to test Y, output X is disabled and then the pin is used 
as an input to drive the circuitry for Y directly. 
This provides a 


simple means of testing the circuit, but it only works n pin X can 
be measured and driven. The complete circuit is shown in Figure 
24a. 


If node X is not so accessible, then additional circuitry and test 
inputs must be added. In the worst case, n node X is completely 
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inaccess 
Ie,the resu~ing testable circuit is shown in Figure 24b. 


Note tha a~hough the three-state capability is not needed, the 
circu~ re uires two extra gates, and, worst of all, four test inputs. 


Figure 24c shows the behavior of either of the testable gl~ch-free 
latches. \ 


Transp~rent latches 


Many de igners like to use PLDs to design standard D-type 
"transpar nt" latches. A D-type latch is a very simple circu~, 
shown in basic form in Figure 25a. As ~turns out, however, this 
is a glnc y circu~ of the type discussed in the combinatorial 
section. The problem iscompounded inthis case, since, given the 
right timirg, 
the glitch can actually be latched; the glitching 


problem ip no longer trans~ory. If this type of circuit is desired, ~ 
must be dr,signed to be both glitch-free andtestable; the resultant 
circu~ is shown in Figure 25b. 


I DATA 


OUT = GATE'DATA 


+ IGATE'OUT 


OUT = GATE'DATA'/TEST 


+ IGA TE'OUT 
'/TEST 


+ DATA'OUT 


Circuits wlilose outputs are fed back in TRUE form are latches. If 
the output 
are fed back in COMPLEMENT form, then the circuit 


is an oscil 
tor. A simple oscillator circu~ is shown in Figure 26. 


Latches are very often useful in circu~s; oscillators rarely are. 
Crystals a 
other specialized oscillators are useful when ~ is 


necessary 0 generate a clock signal, for example. Trying to build 


an oscillator out of standard logic or PLDs will not yield a very 
predictable, accurate oscillator; where these circu~s occur, it is 
usually by accident. 


An oscillatory circuit may not always be obvious. It also may not 
oscillate all of the time. The oscillator shown in Figure 26 is 
uncontrollable; it always oscillates. However, just as we can 
design controllable latches, we can also design controllable 
oscillators (on purpose or by accident). This means that there 
may be an oscillator hidden in the circu~ which will sometimes 
oscillate and sometimes be stable. Such a circuit is shown in 
Figure 27a. 


x = A'B'Z 


= A'B'D'E 


+ A'B'C'IX 
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= IA'C 
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+ C'/D'IV 


+ C'E'IV 


Z = D'E 


+ Y 


= D'E 


+ IA'C 


+ IB'C 


+ C'/Z 


The oscillator in the circuit is not obvious. But if we simplify the 
logic completely, we can see that output X depends on fX; output 
Y depends on fY; and output Z depends on fl. Since the outputs 
are fed back to themselves in COMPLEMENT form, the circuit 
const~utes an oscillator. 


This circu~ will sometimes be stable. If we examine the logic 
function determining X, we see that ~ has two product terms, 
shown in Figure 27b. Term 1 is independent of fX; term 2 is 
dependent on fX. If inputs A, B, D, and E are all TRUE, then term 
1 becomes TRUE, and the output stays HIGH regardless of the 
status of the rest of the circu~. It isthus stable. However, if signals 
D and/or E are LOW, then term 1 will be FALSE. If, at the same 
time, input C is HIGH, then, as long as the output X is LOW, term 
2 will be TRUE, making the output HIGH (which makes the 
productterm FALSE, which makes the output LOW, etc.). That is, 
the circuit oscillates. 


In this manner, we can identify the cond~ions under which a 
conditional oscillator will oscillate. The mere presence of an 
oscillator is usually an indication that the circu~ needs to be 
changed. ~may be that the circuit only oscillates undercond~ions 
that could never possibly exist. One must be very certain of the 
impossibil~ 
of such a cond~ion, however, if a conditional oscil- 


lator is to be tolerated. In addition, a thorough test sequence will 
usually expose a circuit to cond~ions that it may never encounter 
in a real system. Thus oscillators may interfere with the test 
process even if they do not disrupt the system. 


Whe 
using the programmable clock on an asynchronous device, 


cauti n must be exercised with data setup. Refer to Figure 28a, 
wher 
A and B are primary inputs. One setup time (ts)after signal 


A 90~1s active, signal B goes active, clocking signal A into the 
regis er. In Figure 28b, B isa primary input but signal A isfed back 
from 
nother register. Inthis case it may be harder to ensure that 


the p oper setup time is allowed before signal B is asserted, 
possi Iy causing improper information to be clocked into the 
register. 


I 


This is a simplified scenario. 
It does not take into account the 


prod ct term on the clock, which can be programmed with a 


combination of any of the array inputs. A complex clock term can 
be a hidden source of frequently-violated setup time when feed- 
back terms are used. 
Always be aware of which input or 


combination of inputs and feedbacks will clock each register, and 
calculate setup time backwards from the last input which will 
assert the clock term. This is the best and probably the easiest 
method for determining when data must be made available at the 
o input of the register. 


This is an important testability issue because with a program- 
mable clock, the tester may no longer be in control of the clock 
timing. 
Automatic test equipment is capable of handling the 


timing for dedicated clock pins, but the programmable clock 
feature does not allow the tester the luxury of a single controlled 
clock pulse. 


State mac ines have their own set of controllability issues. These 
essentially boil down to the concepts of initialization and illegal 
states. 


The natur 
of a state machine is that there is a well-defined 


sequence 
f states through which the machine will traverse as it 


operates. 
his implies the existence of a '1irst" state. Of course, 
these initi'!:' states vary from design to design. One obvious 
problem iSlthe fact that many flip-flops - 
especially older varie- 


ties - 
do tot power up in a predictable state. 


Power-u, 
Initialization 


Flip-flops 
hat truly power up into a random state must be 


initialized 
xplicitly. Lately, however, flip-flops have become 


available ~iCh 
have "power-up reset". This allows the flip-flops 


to power 
p into a predictable state every time. This is helpful 


when the 
wer-up state also happens to be the initial state. But 


even ~it is ~ottheinitial state, a predictable initialization sequence 
can bring "- e state machine into its start-up state. 


Unfortunat Iy,such initialization schemes rely on the ability of the 
device to i itialize itself when being powered up. If the system 
needs to b 
re-initialized, it will have to be completely turned off 


and then t rned on again. Anyone who has had to turn off a 
computer i 
order to reboot will know that this is not an elegant 


way of re-i itializing. By building initialization into the design, a 
means of 
erforming a "warm boot" is provided. 
It is for thiS 


reason th 
initialization must be considered along with all other 


aspects of the design. 


Some devi es have mechanisms specifically designed for initial- 
izing a sta e machine. These are usually in the form of global 
preset and reset product terms. By programming the conditions 
for initializ tion onto such terms, the device can be re-initialized 
at any tim 


Some of t e simpler devices do not have specific provisions for 
initializatio . However, the need is still present in these devices; 
here the in tialization should be included in the design. This is a 
very simpl 
process; itcan be added in after all of the other design 


details hav been worked out. Adding initialization will use up one 


input pin and potentially one product term on some outputs; this 
can affect the choice of device for the design. 


To provide initialization in an otherwise complete design when 
Boolean equations are being used: 


determine the start-up state. 
assign each bit as being initialized active or inactive, based on 
the desired start-up state. 
~ a bit is to be initialized inactive, add "/INIT" to every product 
term for that bit. 
~a bit isto be initialized active, add one product term consisting 
solely of "INIT." 


Here we have assumed that the initialization pin has been called 
"INIT." "Active" would mean HIGH for an active high device; LOW 
for an active low device. "Inactive" is just the reverse. 


The equation in Figure 29a can be initialized inactive as shown 
in Figure 29b, or active as shown in Figure 29c. Initialization is 
accomplished by asserting the INIT pin and clocking once. This 
"cookbook" approach is very reliable. 


QO:~ 01'02 


+ 02'/03 


QO:~ 01'02 


+ 02'/03 
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INIT 


PALASM software also makes it possible to design state ma- 
chines with a special syntax which essentially allows the state 
diagram to be transferred directly into a design file. For devices 
which have no dedicated initialization features, the initialization 
branches should be explicitly built into the state diagram. The 
software then performs the remainder of the processing needed. 
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Testability 


A stite machine is formed by using a set of flip-flops to remember 
stat s, and assigning a code to each state. Since there are 2" 
d~fe ent codes that can be assigned to a group of n flip-flops, 
ther 
is a good chance that some codes may not be used. For 


exarpple, if a state machine is to have 6 states, 2 flip-flops will not 
be sufficient; 3 are needed. But 3 flip-flops allow 8 states, which 
will result in 2 unused states (see Figure 30). 


C\ 


? 


Figure 30. Illegal States 


ASS~mingthat the state machine has been designed correctly, 
there is no reason why these extra states should ever be entered; 
ther~fore they are called "illegal" states. Unfortunately, situations 
do 0 
ur, thanks to noise and other unpredictable occurrences, 
whic 
result in the state machine being in an illegal state. When 


this 
appens, the immediate need is to return to a normal 


seq ence of states: there must be a predictable 
means 
of getting 


from any illegal 
states 
into a legal 
state. 


lIIeg I state recovery is a controllability issue which actually 
affe 
s functionality more than it affects testability. But the con- 


cepts used for functionality and testing are so closely related that 
it is worth treating here. 


Therr are three basic ways to get out of an illegal state: 


• re-initialize 
m'1ke sure that one can continue clocking until the machine 
re90vers 
de?ign the machine such that the start-up state is reached from 
any illegal state in one clock cycle, independent of any condi- 
tior:lalinputs 


Of c~rse, 
re-initializing will take the machine back into its start- 


up st te from any state, legal or illegal (Figure 31). The disadvan- 
tage 
ere is that outside control is needed to force initialization. 


Very often, a path will exist which eventually takes the state 
maC~lneback into a normal sequence (Figure 32). These paths 
are n t usually designed in; they just happen to be there. In fact, 
~ D-t pe flip-flops are used, it is surprisingly difficult to get a 
"c1os d" set of illegal states (that is, a set such that once one of 
the iII,egalstates is entered, the machine will forever remain in 
illega slates) by accident. In most cases, there will be a path 


which eventually leads back to a legal state. In these cases, 
merely clocking enough times will cause the machine to recover. 


The drawback here is that one does not know ahead of time how 
many clock cycles will be needed. This necessitates some built- 
in way of knowing just when a legal state has been re-entered. 
And once that state has been reached, further cycling may be 
needed to get to a point where operation can resume. 


The most predictable way of dealing with illegal states is to 
provide a one-step path back to a legal state. Depending on the 
state desired, more or less work may be involved to do this. For 
PAL devices, we can consider three cases: 


all illegal states go to state 00...0 
all illegal states go to one state other than 00...0 
each illegal state goes to some legal state 


The cause of poor illegal state recovery can be illustrated concep- 
tually with Karnaugh maps (although realistically, Karnaugh 
maps are often not used). When calculating the equations for a 
particular bit, it is tempting to use Don't Care cells from the 
Karnaugh map (Figure 33) to simpmy the logic. The success of 
illegal state recovery depends on how these Don't Care cells are 
treated. 
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This is thr: simplest case; it is illustrated in Figure 34. It is 
accomplis ed by not using any illegal states to generate the logic 
for any of he bits. Since most PAL devices have only Ootypeflip- 
flops, a bit will go HIGH only as a result of legal states. Any illegal 
states will cause all bits to be LOW. 


This procedure does not work when J-K or T-type flip-flops are 
used. In f ct, it is deadly. Whereas a Ootypeflip-flop defaults to 
LOW, J- 
and T-type flip-flops h Id their present state as a 
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Figure 34. Recovering 
to State 0... 0 


default. ~hUS if illegal states are not considered in the transfer 
functions an illegal state will cause the state machine to be locked 
up in tha state. 


Recove Ing Into one fixed state 


This cas 
is shown in Figure 35a. The procedure can be illus- 
I 
Testability 


1 


trated conceptually with a Karnaugh map. It must first be decided 
which legal state will be entered, and the resultant value of each 
state bit. The Don't Care cells for each bit are then filled with the 
corresponding next state bit value; if the next state for a bit is to 
be 1,then Don't Care cells are filled with 1'sforthat bit's Karnaugh 
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map; t~e procedure for a O-b~is analogous. The equations are 
now tten 
by including e~her all Don't Care cells if filled w~h 1's, 


or non1eof them if filled w~h O's.This procedure is illustrated in 
Figure1l35b, c, and d. 


whenlKarnaUgh 
maps are not used, the same resu~ can be 


obtained by explic~ly considering all illegal states. When calculat- 
ing th I Boolean equations for: 


• a bi that will be 0 after recovery, no illegal states should be 


included. 


a bJ that will be 1 after recovery, all illegal states should be 
inclbded. 


WhenlJ-K flip-flops are used, then the transfer function for either 
J or K - 
but not both - 
will include all illegal states. 


If a1bit is to be HIGH after recovery, J should account for all 
illegal states; K should account for none. 


• If a b~ is to be LOW after recovery, K should account for all 


ille al states; J should account for none. 


This 
ust be done explicitly for J-K flip-flops even if state 0...0 is 


the recovery state. 


When,T-type flip-flops are used, there is no easy way out; any 
recovery must be explicitly designed-in as part of the original 
function. 


Rec~verlng Into Any Legal State 


The +rd 
case allows one to fill in the Don't Care cells of a 


Karn~ugh map in such a way that some legal next state is always 
reached inone clock cycle, but such thatthe 1's and O'sare placed 
to keep the logic functions simple. This is shown in Figure 36. The 
disadvantage here is that since different illegal states resu~ in a 
different legal state, some additional cycling may be required to 
aIlOW~1peration to resume. 


Whe 
Karnaugh maps are not used, this can be implemented 


more 
imply by explicitly including the illegal states as part of the 


camp ete state diagram. 
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Figure 36. Recovery Such That Logic Functions 
Are As 


Simple As Possible 


Testing Jllegal state recovery 


One of th 
difficutties of designing illegal state recovery into a 


circuit is t e fact that it is difficult to test. Because the state is 
illegal, it is Impossible to force the circuit into such a state. The use 
of register preload circumvents this problem. With preload, any 
state - 
lepal or illegal - 
can be loaded into the register. If an 


illegal state is loaded, then the circuit can be tested to verify that 
correct recovery does indeed occur. 


AMD~ 


The use of preload must be considered carefully with devices 
having programmable asynchronous preset and resetfeatures.lf 
these are driven by feedback from an output, then situations can 
occur where preloading one state immediately causes a preset or 
resetto the opposite state (Figure 37). There are two atternatives: 
either avoid preloading such states, or include a control input in 
the preset and/or reset product terms which can disable the 
feature when testing. 


Stable Case: Can preload any state 
Other Cases: Preloading any state will cause PRESET 
or RESET to opposite state. 


Digit I systems are generally tested by applying a sequence of 
test lectors. A test vector is a group of signals which are applied 
(forc d) and measured (sensed) on a device or a board. The 
vect r thus defines all inputs and expected outputs for a given 
test. As we have noted, the sequence of tests performed greatly 
affeds the quality of the overall tests, as measured by the faun 
coveiage. 


In g~neral, we can talk in terms of three kinds of vectors. 
s!mJation 
(or application) vectors, functionaltest 
vectors and 


sign turetest vectors. 


Simu ation vectors are generated during the design process. 
Thei main purpose is to help the designer verify that the design 
has been correctly implemented. They represent the way inwhich 
the cfcuit was intended to operate. When PALASM software (or 
almost any other PLD design software package) is used, simula- 
tion may be performed prior to programming a device. The 
softJre 
simulates the operation of the circuit, and then gener- 
ates ectors from the simulation, adding the vectors to the JEDEC 
file. 
hese vectors can then be used for testing by programmers 


that 
ave the capability of performing functional tests. 


While simulation vectors may be adequate for verifying that the 
desig1nis operating as expected, they generally do not provide 
very ~xtensive test coverage. For this reason, we distinguish 
functional test vectors from simulation vectors. 


n is 
ery difficun to generate a complete set of functional test 


vect0r.sby h~nd; computer programs are generally used instead. 
The :ilmulatlon vectors are often used as a baSISfor generating 
a more comprehensive set of functional test vectors; in this 
capacity, the simulation vectors serve as seedvectors. There are 
man~ programs which perform this function anhough many of the 
programs require larger computers and take a long time to run. 
AMD lalso generates functional test vectors for patterns that are 
used in ProPAL devices. 


Pro~ lams have been developed to generate vectors for use in 
testl~ 
PLDs. These programs use the programming information 


in th IJEDEC file to generate tests. 


On 10st patterns. they can generate test sequences of high 


quality. Ifcomplex internal feedback is used in a particular design, 
then some manual test generation may still be needed to improve 
the test coverage. Both of these programs support the use of 
register preload for initializing states. 


While functional vectors provide more extensive tests. they may 
not exercise the circuit in the manner in which it was meant to be 
used. Thus, for example, a conditional oscillator in a circuit (as 
discussed previously) may not be a problem during simulation. 
since the conditions causing oscillation are not thought to be 
possible bythe designer. However, the functional vectors willtake 
all situations (some of which may not be physically possible) into 
account in the tests. Thus more subtle design problems may 
become apparent when functional test vectors are generated. 


Signature vectors are random vectors which are first applied to a 
device which is known to be good in order to generate a "signa- 
ture". This same set of vectors is then applied to a device of 
unknown quality; if the same signature resuns, the device is said 
to be good; if a different signature resuns, then the device is 
assumed to be faulty. 


Signature vectors can vary greatly inthe quality of testing they can 
provide. Since they aregenerated with no knowledge olthe circuit 
being tested, many more vectors must be used to perform a good 
test. The quality of the test depends on the circuit being tested, the 
number of vectors used, the speed with which the tests are 
applied, and the algorithm used to generate the vectors. The 
tester must also be able to apply a preload sequence to devices 
that have registers; otherwise two devices may power up into two 
different states. In that case, both devices will generate different 
signatures even if both are good devices. 


Quality signature testing can be very cost effective, since no 
advance knowledge of a device pattern is needed. This reduces 
the amount of resources that must be dedicated to test vector 
generation. 


TYPE OF VECTOR 
PURPOSE 
GENERATED BY: 


Simulation 
Used for verifying whether or not 
Sequence defined by the design engineer, 
(Application) 
a design will operate as expected 
usually by hand. Actual vectors generated 


when implemented. 
by design software, placed in the JEDEC file. 


Functional 
Used for verifying that 
Usually generated by a computer program. 


a device is operating 
The simulation vectors can 


correctly. 
be used as seed vectors 


I 
Signature 
Used for verifying that a device 
The tester generates the 


is operating correctly without 
test sequence during the test. 


functional vectors. 


The time t 
start considering ways of testing a circuit is before the 


circuit has 
een designed. The key to testability lies inthe way the 


circuit is i 
plemented. 


Basic com inatoriallogic can be made completely testable sim- 
ply by min mizing logic. ~ is not even necessary to analyze the 
circuit for redundancy or reconvergent fanout; automatically 
minimizin 
all logic will eliminate any occurrences. 


Where a 
equential circuit is generated from simple feedback 


paths inth 
logic, the circuit must be analyzed as a combinatorial 


circuit. All combinatorial logic must be included to determine 
whether th 
circuit is a latch or an oscillator. If a latch is desired, 
it should b 
completely controllable. If an oscillator is found, it is 


probably n t desired, and will generally indicate a mistake in the 
design. If 
conditional oscillator is to be tolerated, one must be 


sure that t e oscillation conditions can never occur, and that the 
test proce ure will not cause oscillation. 


In general, combinatorial circuits should be analyzed completely 
for the pre ence of latches and oscillators (wanted or unwanted). 


AMOl1 


This can be done by simplifying each combinatorial logic block to 
see whether any signal u~imately depends on itself. 


When the sequential nature of a circuit is derived through the use 
of flip-flops to generate a state machine, the two key issues are 
initialization and illegal state recovery. A combination of device 
features and careful circuit design will yield circuits that can 
behave predictably even in unexpected situations. 


~ is important to analyze the testability of a circuit before commit- 
ting it too far. Thus any changes can be made early on. In 
particular, if the test analysis software points out any logic 
hazards in your circuit, you can easily remedy them by modifying 
the design. 


These simple steps, taken early in the design phase, can help 
avoid later redesigns, and u~imately provide a higher quality 
system. 


Finally, the u~imate test quality depends also on the quality of the 
test sequence used for production, functional test vectors and 
high quality signature tests will provide you with the highest 
confidence in the quality of your system. 
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INTRODUCTION 


Th~1development 
of fast PAL devices has increased the 


im 
rtance of analog considerations 
the digital designer 


ha 
been able to overlook 
in the past. One of these 
is 


gro 
nd bounce. 
Ground bounce 
refers to the ringing on 


an~utPut 
signal when one or more outputs on the same 


de ice are being 
switched 
from 
HIGH to LOW. 
This 


rin 
ing can be in excess of 3 V. The system cannot con- 


sid· r the data valid until the ringing settles to below the 


VIL pf the receiving 
devices. The ringing in a fast device 


can last so long that a slower 
device with less ground 


bo 
nce could actually 
be a faster solution. 


Th 
phenomenon 
of ground 
bounce 
is associated 
with 


the nductance 
and resistance 
of the ground connection 


in t e integrated 
circuit. As there is always some induc- 


tan 
e and resistance, 
ground 
bounce 
cannot be totally 


eli 
inated; 
however, 
it can be reduced 
to a level toler- 


abl 
to the system. 


Thi 
article 
will 
discuss 
the 
mechanism 
of 
ground 


bource 
in CMOS circuitry and the utilization 
of slew-rate 


convol 
used by AMD to keep ground 
bounce 
down to 


rea~onable 
limits. 
-1 
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Figire 
1. Simplified 
Schematic 
of an Output 
Driver 


Figure 1 shows a schematic 
of an output driver and load 


including 
parasitic 
elements. 
The 
load 
capacitor 
is 


charged to the HIGH-level 
voltage. 
When the transistor 


turns on, the capacitor 
discharges 
into the transistor 
and 


lead impedance. 
The resultant 
RLC circuit will have a 


damped 
ringing 
(Figure 
2). The 
peak 
amplitude 
de- 


pends on the edge rate of the switch and the RLC val- 
ues, while the frequency 
of the ringing 
and the rate of 


decay depend 
only on the RLC values. 


The ringing caused 
by a single output switching 
is nor- 


mally below the LOW-threshold 
voltage. 
However, 
the 


voltage at the ground pad of the device is proportional 
to 


the number of outputs 
switching 
simultaneously. 
In ad- 


dition, the voltage 
at the ground 
pad is coupled 
to any 


LOW output through 
its output transistor. 
Therefore, 
if 


enough outputs switch, ringing on the ground pad will be 
coupled to LOW outputs, causing 
the detection 
of false 


HIGHs. 


Most PAL devices used today have relatively 
low output 


drive current: 16 mA or 24 mA. It is tempting 
to think that 


the low current level will somehow 
limit the switching 
en- 


2.0V 


1.0 V 
0.5V 


2.0V 


1.0 V 
0.5 V 


Quiescent 
Output 


ergy and therefore 
ground bounce. Actually, 
even a low- 


pow 
r transistor 
can pass a relatively 
large current. The 


tran 
istor I-V curve in Figure 3a shows that a MaS tran- 
sist 
rdesignedfor 
16 mA at 0.5 V will pass 90 mA at3.0 


V. Figure 3b shows the VII path when the output transis- 
tor ~witches 
between 
HIGH and LOW. 
Notice that the 


tranjistor 
switches from 3.5 V at 0 mA to 3.0 V at 90 mA. 


If ei ht outputs were to switch simultaneously, 
90 mA X 


8,0 
720 mA, would flow through 
the ground 
lead .. 


This sudden current surge is actually self-limiting. 
As the 


ground-pad 
voltage 
rises 
due 
to 
the 
high 
current 


cha 
ge, the internal Vos and the available gate bias volt- 
age 
re reduced, 
lowering 
the drive current. 
However, 


the 
'nging can still exceed 3 V. 


3.0 


Vos (Volts) 


3a. The DC Curve 
of an 


Output 
Driver 
Transistor 


4a. Equivalent 
Circuit 
of an Output 
Driver 


Transistor 
with 
a Capacitive 
Load 


AMD~ 


The parameters 
that influence 
ground 
bounce 
are the 


inductances 
and resistances 
of the device, 
the capaci- 


tance of the load, and the edge rate. Of these, the only 
one that the chip manufacturer 
can directly control is the 


edge rate. 


Turning 
on the output-driver 
transistor 
is equivalent 
to 


switching 
the charged 
load capacitor 
to ground. 
This 


can be represented 
by a step-voltage 
source 
in series 


with the capacitor 
(Figure 
4a). Slowing 
down the rate 


that the output transistor 
can tum on changes 
the volt- 


age source from a step to a ramp (Figure 
4b). With a 


3.0 


Vos (Volts) 


3b. The Path Followed 
as the 


Transistor 
Switches 
between 
the 


HIGH and LOW Levels 


4b. Output 
Driver 
Circuit 


with 
Slew-Rate 
limiting 


~IAMD 


shallbwer 
slope, less energy is available 
for ringing and 


the qround-bounce 
amplitude 
is reduced. 


A SJice simulation 
(Figure 
5) illustrates 
the effect. The 


devige 
without 
risetime 
control 
will 
have 
a very 
high 


charging 
current 
with 
a large 
dildt: 
2.1 
X 
107 Ns. 


Riselime 
control 
reduces the dildt about 25%. This will 


resu 
in a corresponding 
reduction 
in the voltage 
that 


can aevelop 
across the ground 
inductance. 


AMg 
has a proprietary 
technique 
that slows the edge 


rate?f the output transistor, 
thereby 
reducing the ampli- 
tudel?f 
the ringing. 
Slowing 
down the fall time will add 


aboyt a nanosecond 
to the output delay, but the system 


speed will still be greatly 
increased. 
On a high-capaci- 
tancf 
load, a non-edge-rate-controlled 
device could ring 


for rrrore than 25 ns. The additional 
delay required to al- 


low fbr the ringing would be intolerable. 


There are some things that the system designer can do 
to reruce 
the ground 
bounce 
to a tolerable 
level. 


1) U e AMD 
PAL devices 
that incorporate 
edge 
rate 


cont 01. This the first line of defense 
against 
ground- 


I 
2 
VOUT 
(V Its) 


bounce-related 
problems, 
and the most effective. 


2) Use shorter 
lead packages. 
The bonding 
wires 
in a 


PLCC are 1/4 the length of the ground bonding wire in a 
DIP. The inductance 
is reduced 
proportionally. 
Any re- 


duction 
in inductance 
will reduce 
the amplitude 
of the 


ringing. 


Some devices have center power and ground pins. The 
ground pin will be substantially 
shorter and have a pro- 


portionately 
reduced 
inductance. 
This will reduce 
the 


coupling 
between 
outputs. 
A 
good 
example 
is the 


PALCE26V12. 


3) Reduce capacitive 
loading. Capacitive 
loading in any 


system 
should 
be reduced 
as much as possible. 
This 


may involve consideration 
of the transmission 
line char- 


acteristics 
of the layout. 


4) Limitthe 
number of outputs switching 
simultaneously. 


If the load naturally has high-capacitance 
such as a bus 


or memory board would, ground bounce can be reduced 
by limiting the number of outputs that can switch simul- 
taneously 
in a single 
device. 
Many 
system 
designers 


consider 
4 to be an acceptable 
upper limit. 
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Figure 
5. Effect 
of Risetime 
Control 


Ground 
Bounce 
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Asipnificant 
number of digital systems must deal with in- 
puts 
not 
synchronized 
to their 
own 
internal 
clocks. 
Th~se asynchronous 
signals can arise from any of the 


variOus asynchronous 
protocols, 
such as are often used 


in tiJs designs; 
they can be the result of trying to share 


sig~als from systems 
with different 
clocks; or they may 


be 
he response 
of a system 
user, who is of course not 


synchronized 
with the system. The result can be metas- 


tability, 
a problem 
which can plague unwary designers. 


It id not a newly discovered 
phenomenon, 
but is nor- 
ma~y dealt with somewhat 
qualitatively, 
and, unfortu- 
nat(y, 
is usually 
ignored 
as much as possible. 


Clses 
of Metastability 


Th 
flip-flop 
setup 
time 
is the parameter 
that 
is most 


oft 
n at the root of metastability. 
The setup time is basi- 


call 
a requirement 
that data be made available 
at the 


inplilt to the flip-flop 
before the clock signal arrives. 
The 


da±must 
not only be there, but must also be stable. 


In 
PAL device, the use of an array for the data adds to 


the· 
etup time. The data passes through the array on its 


wa~ to the flip-flop 
(Figure 
1). The clock signal, on the 


oth 
r hand, goes directly 
from the clock pin to the flip- 


flop 
Its path is much shorter 
than the data path. The 


set~p time is therefore 
essentially 
a requirement 
that the 


data signal must be given more time to get to the flip-flop 
before the clock signal. 


If the published 
setup time is satisfied, the data arrives at 


theJ'liP-fIOP well before the clock, and the output to the 
flip- lop will change 
as desired 
(Figure 
2). If the setup 


tim 
is violated, 
then no guarantee 
can be made about 


wh 
t the output will do. The output may be normal, since 


the 
ublished 
setup time is a worst-case 
number. 
How- 
eve, 
if the timing 
between 
the clock 
and data is just 


righ , the output will be unstable 
for some time before it 


Figure 
1. The clOck and data paths 
In a 


PAL device 
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outputs 
x....._ 


Figure 
2. Output 
response 
when 
the setup 
time 
Is 


satisfied 


____ 
~(VVV 
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Figure 
3. Possible 
output 
response 
when 
the 


setup 
time 
Is violated 


settles into some state. Neither the time the output 
re- 


mains unstable 
nor the final state is predictable 
(Figure 


3). This condition 
is metastability. 


The most common way of dealing with this problem 
is to 


synchronize 
the inputs with an extra flip-flop 
(Figure 4). 


If the first flip-flop 
goes metastable, 
hopefully 
the delay 


between 
clock pulses will allow the ringing to die down 
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Extra Flip-Flop for Synchronization 


D 
Q 
D 
Q 


Q 
I"> 
Q 


before clocking 
into the next flip-flop. 
This improves the 


chances 
of having good data in the second flip-flop. 


Thi 
method 
is not without 
its costs. Each extra stage of 


flip-flop 
means 
an extra clock delay of the data which 


must be absorbed 
by the system. Moreover 
it is not fool- 


pro~f. The possibility 
of metastability 
is reduced, but not 


eliminated. 
A flip-flop can go metastable 
if the preceding 


stage does not recover quickly 
enough. 


The 
est way to avoid metastability 
is to avoid synchro- 


niza ion when possible. 
Many applications, 
such as bus 


arbitration 
schemes, 
use synchronization 
not because 


synchronization 
itself is necessary, 
but because 
it pro- 


vides the only convenient 
way to store data. This unfor- 


tunately takes a system that is inherently 
asynchronous 


and adds some synchronizing 
elements 
in the middle. 


Metastability 
can occur in a number of different 
kinds of 


asynchronous 
systems, 
usually 
due to the inability 
to 


guarantee 
that the setup time of the flip-flops 
will be sat- 


isfied. 
In standard 
synchronous 
systems, 
where 
the 


setup time (along with all other timing 
requirements) 
is 


specifically 
designed 
in, metastability 
will never 
be a 


problem. 


In some situations, 
metastability 
is caused 
by the need 


to interface systems with different 
clocks. 
In this case, it 


will never be possible to completely 
eliminate the possi- 


bility of metastability. 
Instead, 
the designer 
must take 


steps to reduce the probability 
of a system failure due to 


metastability. 


Latc up 


Latchup iscaused by an SCR (Silicon Controlled Rectifier) circuit. 
Fabricatio 
of CMOS integrated circuits with bulk silicon process- 


ing create 
a parasitic SCR structure. The behavior of this SCR 


is similar i principle to a true SCA. These structures result from 
the multip e diffusions needed for the formation of complemen- 
tary MOS ransistors in CMOS processing. The SCR structure 
consists 0 a four layer device formed by diffused PNPN regions. 
These fou layers create parasitic bipolar transistors illustrated in 
Figure 1. 
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CONTACT 
1410S-ClO2A 
Figure 2a shows a 1ypical CMOS inverter layout with the sche- 
matic of th 
parasitic bipolar SCR structure. Figure 2b is a cross 


sectional 
epresentation of the CMOS inverter, again with the 


schemati 
of the bipolar SCR structure. 
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to whi hthe resistors resist current flow depends upon geometric 
size al d doping level. 


As illustrated in Figure 1, the complementary PNP and NPN 
trans~tors 
are cross-coupled, 
having common base-collector 


regio~~. The vertical PNP device, M1, has its base composed of 
the N-well diffusion while the emitter and collector are formed 
from P-type source-drain and substrate regions, respectively. 
The lateral bipolar transistor, M2, base is the P substrate with 
emitter and collector junctions formed from N-type source-drain 
and ~-well diffusions, respectively. 


Under normal bias conditions the SCR conducts only leakage 
current and the SCR structure is in the blocking state. However, 
as current flows across any of the parasitic resistors, a vohage 
drop is developed, turning on the parasitic bipolar base-emitter 
junction. 
The forward bias condition of this junction allows 


collector current to flow in the bipolar transistor. 
This collector 


curre6t flows across the base-emitter resistor of the complemen- 
tary blpo,ar transistor, creating a voltage sufficient to turn on the 
transl tor. 


A reg nerative loop is now created between the complementary 
bipol r transistors such that current conduction becomes self- 
sustaining. Even after removal of the stimulus that triggered this 
actio~, the current conduction can continue. 
This region of 


oper,\tion is a high-current, low-resistance condition characteris- 
tic of ilfour layer PNPN structure. This is referred to as latchup. 
Oncel initiated, the excessive latchup current can permanently 
damage an integrated circuit by fusing metal lines or destroying 
juncti ns. 


discussed. 
These include power up, supply overvoltage, and 


overshoot/undershoot at device pins. 


Caution must be exercised when powering up CMOS ICsto avoid 
driving device pins before the supply voltage has been applied to 
the circuit. Placing a device or board in a "hot socket" will create 
this situation. When subjected to hot socket insertion, vohage 
conditions at the device pins are uncertain such that the input 
diodes may be forward biased. Forward biasing the input diodes 
with a delayed or uncontrolled application of Vcc could cause the 
device to latch up. Advanced Micro Devices' CMOS circuits have 
substantial immunity to hot-socket power up, but since this 
condition is uncertain, and difficuh to characterize, test, and 
guarantee, it should be avoided. 


Supply levels exceeding the absolute maximum rating can cause 
a CMOS circuit to latch up. Elevated supply vohage may cause 
internal junctions to break down, producing substrate current 
capable of triggering latchup. Latchup is just one of the reasons 
overvoltage should be avoided; other undesirable effects may 
result from this. 


Generally the I/O pins experience the noisiest electrical environ- 
ment. Fast switching signals with a large capacitive load may 
overshoot, creating a transient forward bias condition at the 110 
junction. These junction diodes are illustrated in Figures 3 and 4. 
Typically this is where latchup is most likely to be induced. Proper 
design of the input and output buffers is essential to minimize the 
risk of latchup due to overshoot. 
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Advanced 
icro Devices characterizes the latchup sensitivity of 
itsdevices pefore they are released to the market. Testing isdone 
in such a fway as to completely cover every possible latchup 
condition, 
neluding Vcc overvonage, pin overcurrent, and pin 


overvonag . 


Vcc oveio,tage 
Test 


The Vee 0 ervonage test is applied to all power (Vcc) pins. The 
test is pe ermed at the highest guaranteed operating tempera- 
ture of the 
evice. All inputs and II0s acting as inputs are tied to 


ground or 
ee depending on the device logic, and outputs and V 


Os acting 
s outputs are floating (open). 


Vee max is applied to the Vee pin. A positive high voltage pulse 
is then apl lied to the Vcc pin and returned to Vcc max. 
The 


oeeurenc 
of latchup is detected if the vonage across the device 


is lesstha 
Vcc max, and the current through thedevice isgreater 


than the n rmal DC operating current. 


The pin ov rcurrent test is performed on every output, 1/0 pin, and 
non-curre~t-limited input pin. 
Non-current-limited inputs 
are 


inputs whifh present a diode-like (or otherwise "infinite") current 
characteri~tic for input vonages in the range (GND - 5 V) < Vin < 


(Vee + 5 V). 


The pin 0 ercurrent test is performed at the highest guaranteed 
operating 
emperature of the device. 
Input pins and 1/0 pins 


acting as i puts (which are not under test) are tied to ground or 


Vee depending on the device logic, and outputs and VOs acting 
as outputs should be floating (open). Vcc max is applied to the 
Vee pin. 


One pin is tested at atime. A three-state output under test should 
be disabled. A non-three-state output type under test should be 
a logic High when applying a positive current and a logic Low 
when applying a negative current. An 1/0 pin should be placed 
into the input mode. 


A high current pulse is then applied to the pin under test. The 
magnitude of the pulse is stepped untillatchup is induced. Both 
positive and negative currents are tested. Latchup is observed as 
described previously. 
The sensitivity of the device is the worst 


case sensitivity found on any pin of the device. 


The pin overvoltage test is performed on current-limited inputs. 
Current-limited inputs are inputs which present a resistor-like (or 
otherwise "limited") current characteristic for input vonages inthe 
range (GND - 5 V) < Vin < (Vcc + 5 V). 


The pin overvoltage test is performed at the highest guaranteed 
operating temperature of the device. 
Input pins and 110pins 


acting as inputs (which are not under test) are tied to ground or 
Vcc depending on the device logic, and outputs and VOs acting 
as outputs are floating (open). Vee max is applied to the Vcc pin. 


One pin is tested at a time. 
Both positive and negative vonage 


pulses are applied to the pin under test. Latchup is observed as 
described previously. The sensitivity of the device is the worst- 
case sensitivity found on any pin of the device. 


C nverting Bipolar PLD 
De igns to CMOS 


orld learned 
about 
programmable 
logic through 


the u e of bipolar PLDs. As PAL device designs prolifer- 
ated, bipolar fuse technology 
was the only production- 


wort 
y 
vehicle 
for 
implementing 
the 
programming 


featu e. 
As 
CMOS 
floating-gate 
technology 
was 


adap ed to programmable 
logic, 
CMOS 
has increas- 


ingly 
ecome the technology 
of choice for new system 


desi 
ns. By using 
CMOS, 
bipolar 
speeds 
can be at- 


taine 
with 
lower 
power 
consumption. 
Electrical 


eras 
bility joins a number of other reasons why design- 
ers n w prefer CMOS. 


Tod 
bipolar PLDs are being purchased 
largely to sup- 


ply t ose designs 
that were done before CMOS was vi- 


able. Many systems 
makers are now looking for ways to 


conv 
rt their production 
systems to CMOS. The intent is 


alwa 
s to have 
a seamless, 
"engineering 
less" transi- 


tion, 
r as close 
to that 
as possible. 
Few companies 


have access 
to the engineers 
that designed 
a system 


five yf,ars earlier. The purpose of this application 
note is 
to di cuss 
issues 
that 
may 
arise 
when 
converting 
a 


sock 
t from a bipolar 
PLD to its CMOS equivalent. 


In th~Ory, when 
converting 
from a bipolar 
device 
to a 


CM 
S device, either of the two should work in the sock- 
et. In practice 
this is true for most designs, 
especially 


thos 
that have been well adapted 
for high-speed 
sig- 


nals. Most designs 
will 
not require 
that you take any 


speolal 
actions. 
It is only with more sensitive 
designs 


that 
ne may have some 
applications 
issues 
to deal 
with. 


The ~onverSion 
issues discussed 
apply to devices from 


any 
anufacturer; 
the specific 
solutions 
apply primarily 


to A 
D PAL devices. 
In particular, 
this article focuses 


on c nversion 
where there 
is a direct CMOS architec- 


ture 
ounterpart 
to the 
bipolar 
device, 
as shown 
in 


TablE/1. 
For 
bipolar 
architectures 
where 
an 
exact 


CMds 
equivalent 
is not available, 
or when using other 


CM1S 
architectures, 
additional 
logic design work may 


be n eded. 
For more information 
on the CMOS 
archi- 


tectu es available, 
please 
refer to the application 
note 


Sele 
ling the Correct 
CMOS PLD. 


Ther 
are a number of specific areas that need to be dis- 


CUSSld for those designs 
that may have an easy archi- 
tectu al 
conversion, 
but 
more 
difficult 
electrical 


conv 
rsion. They are: 


• 
Fl10ating unused 
input pins 


• 
Efge 
rates, termination, 
and layout 
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• 
Overshoot 


• 
Ground bounce 


In addition, 
the issue of checksum 
consistency 
will be 


addressed 
where 
there 
is a chance 
of the checksum 


changing 
as a result of a conversion. 


Table 
1. Bipolar/CMOS 
Direct 
Equivalents 


Bipolar 
CMOS 
Bipolar 
CMOS 


Device 
Equivalent 
Device 
Equivalent 


PAl16R8 
PAL20R8 


PAl16L8 
PAL20L8 


PAl16R4 
PAL20R4 


PAL16R6 
PAL20R6 


PAL10L8 
PAl12L10 
PALCE20V8 


PAl10H8 
PALCE16V8 
PAl14L8 


PAl12L6 
PAl16L6 


PAL12H6 
PAl18L4 


PAl14L4 
PAL20L2 


PAl14H4 
PAL22V10 
PALCE22V10 


PAl16L2 
PAL20RA10 PALCE20RA10 


PAL16H2 


Floating Unused Input Pins 


No input to a digital device likes to see its value kept at 
the threshold 
voltage 
for any length of time. These 
in- 


puts expect 
a high or low signal 
level; the input signal 


should switch quickly and smoothly from one state to an- 
other, passing 
cleanly through 
the threshold 
voltage. 
If 


an input lingers too long at threshold, 
the input transis- 


tors will be in the active 
region, 
and, essentially 
being 


high-gain 
amplifiers, 
may 
oscillate 
as 
they 
decide 


whether 
they should be high or low. 


On a PAL device, this oscillation 
will not typically 
cause 


any 
first-order 
problems 
on 
unused 
pins. 
However, 


since this oscillation 
involves the rapid switching 
of a lot 


of current, 
it could generate 
internal 
ground 
noise, and 


affect other internal circuits. 


Bipolar devices 
tend to pull unused 
input pins to a high 


state. Many designers 
count on this to give their unused 


pins a default 
level, although 
it is not a recommended 


practice. 
Despite 
pull-up 
capability 
(typically 
50 kQ - 


100 kQ effective), 
a standard 
TIL 
input will only pull up 


to at most a diode drop above threshold, 
as shown 
in 


Figure 1. In the presence 
of noise, the input can start to 


move across threshold 
and cause some disturbances. 
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It is herefore 
always better to tie an unused 
pin high or 


low 
n the board. 


17764A-1 


Figure 1. A Typical Bipolar Input. 


All Voltages Are Nominal. 


Wh 
n tying a pin high or low, a resistor 
is not needed. 
Ho 
ever, many designers 
feel safer putting in a current- 


limit ng resistor to protect the system if there is an acci- 
den al short on the pin. In addition, 
the resistor 
allows 


the 
in to be used later without needing to break the pu 11- 


up 
r pull-down 
connection. 


It often makes no difference 
whether 
an unused input is 


tied~.gh 
or low. However, 
when using a device with in- 


tern 
I pull-up 
capability, 
tying 
high 
can 
save 
some 


pow 
r. If an input has a pull-up and is tied low, then up to 


100 
will be expended 
through 
the input. In addition, 
car 
must 
be taken 
to make 
sure that 
VIL is not ex- 


cee~d 
when tying an unused pin low through a resistor. 


The 
xtemal 
resistor will form a voltage divider with any 


on- 
ip pull-up. 
With a 50-kQ internal 
pull-up, 
a 10-kQ 


pull- 
own will bias the input at 0.8 V (maximum 
VIL) if 


Vcc 
s 5.0 V. This is the maximum 
pull-down 
that should 


be I ft intact if the input has a built-in pull-up. 
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a. Current Flows If Pull-Down Used 


ill 
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b. No Current if Pull-Up Used 
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c. Pull-Down Forms a Voltage Divider 


Figure 2. External Pull-Upl 
Pull-Down Configurations 


Traditional 
CMOS devices have absolutely 
no pull-up or 


pull-down, 
so the pin is truly floating. Therefore 
it is com- 


pletely at the mercy of leakage and noise as it seeks out 
some default 
level. 
Recent 
CMOS 
PAL devices 
from 


AMD have pull-up 
resistors 
that provide 
a default 
high 


level. The input will be pulled to about a diode drop be- 
low Vcc, giving 
sufficient 
noise margin. 
The minimum 


effective 
pull-up 
resistance 
is 50 kQ, so it is still a high 


impedance 
input. Thus it is still a good idea to tie such an 


unused 
pin 
high for 
maximum 
noise 
immunity. 
The 


equivalent 
input schematic 
on the data sheet will indi- 


cate 
whether 
or not the 
product 
has built-in 
pull-up 


resistors. 


This discussion 
applies 
primarily 
to unused 
input pins. 
TherJ actually are three basic kinds of pin on a PLD: in- 
put, output, 
and I/O. If an output pin is unused and has 


no thfee-state 
capability, 
then the output will be high or 


low, and does 
not need 
any external 
pull-up 
or pull- 
downllf 
the pin is an I/O pin, or an output with three- 


state~then the action taken depends on the default state 
of th 
unused 
I/O pin. Most software 
packages 
config- 


ure u used I/O pins as inputs; in this case, the I/O pin 
shoul 
be treated just like an input. If the I/O pin is con- 
figur 
d like an output, 
then no extra action 
is needed. 


Note that 
PALASM 
software 
normally 
configures 
un- 


used 11/0 pins as inputs; in the case of MACH devices, 
howe~er, 
the software 
gives the option 
of configuring 


unused 
I/O pins as outputs 
instead. 


WhJtTO 
Do 


I 


What action you take when converting 
from bipolar to 


CMOS depends 
on the original 
design. 


• 
If the original design 
has unused 
pins tied directly 


to Vcc or ground, 
then the new device can simply 


be dropped 
into the old socket. 


• 
If the original design 
has unused 
pins tied high 


through 
a resistor, then the new device can simply 


be dropped 
into the old socket. 


• 
If the original design 
has unused 
input pins tied low 


through 
a pull-down 
resistor: 


- 
if the replacement 
part has no internal pull-up re- 


sistors, drop the CMOS 
part into the socket 


- 
if the replacement 
part has internal pull-up resis- 


tors 
(as indicated 
in the 
data 
sheet), 
and the 


board's 
pull-down 
is less than about 10 kil, 
then 


drop 
the CMOS part into the socket 


if the replacement 
part has pull-up 
resistors 
(as 


indicated 
in the data sheet), and the board's pull- 


down resistor 
is greater 
than 10 kil, 
then either 
remove 
the 
pull-down 
resistor 
when 
using 
the 


new CMOS part or replace it with a smaller resis- 
tor. 


• 
If the original design 
has unused pins that are 


loating, be sure to use one of AM D's newer 
MOS devices 
that have pull-up resistors 
built in. 


Ed e Rates, Termination, and Layout 
Se sitivity 


Ed e rates are important 
when converting 
from bipolar 


to 
MOS. While there are exceptions, 
CMOS devices 


ten~to 
have faster edge rates than their bipolar equiva- 
lent 
. The edge rates determine 
whether 
or not a signal 


nee 
s termination. 
The faster the edge rate is, the more 


a P 
B trace 
looks like a transmission 
line, which 
can 


gen 
rate reflections 
that impact 
system 
performance. 
Mo r information 
on these issues is available 
in the Ap- 


plic 
tion Note High-Speed 
Board Design 
Techniques. 


Wit 
slow edge rates, long traces can be fabricated 
with 


no 
eed for termination. 
As edge rates speed up, even 


sho 
traces will need termination. 
There is no standard 


cut 
fI, and the needfortermination 
will depend on many 


vari 
bles. These include PC board materials, 
layout, the 


nu 
ber and kind of other components 
on the line, and 


the 
mount of noise that the design can tolerate. 
If a de- 


sig 
is marginal 
with respect 
to edge 
rate sensitivity, 


the 
any changes 
in the edge rate of the component 
in 


that socket can affect the behavior 
of the system. 


AS~ 
example, 
the maximum 
unterminated 
line length 


for 
particular trace may be 2"-4" with a 1.5-ns rise-time 


dev 
e, but 4"-7" 
with a 3-ns rise-time 
device. 
If a par- 


ticular 
trace 
is 5" long, it is within 
the window 
for the 


slo~er 
device, 
and might work. But this definitely 
quali- 


fies as marginal. 
If a replacement 
device 
has a 1.5-ns 


rise time, then this 5" line is now outside the allowable 


WinjOW 
for 
the 
faster 
device, 
and 
will 
require 


ter 
ination. 


Des gn sensitivity 
to edge rates is also affected 
by lay- 


out. The following 
items 
can contribute 
to increased 


noise in a system, 
and therefore 
may make it harder to 


rep~ce 
one device with another that has a faster edge 


rate 


• 
0° corners: 
these are impedance 
discontinuities. 


f 


se two 45° corners 
instead. 
The ideal is to have a 


r unded corner. 


• 
~ong unterminated 
stubs: 
these can introduce 
re- 


f ections onto a line that may be otherwise 
termi- 


ated at the end. Keep the stubs shorter than the 
aximum 
critical 
line length. 
If they must be 


I nger, then they will have to be individually 
termi- 


ated. Note that multiple 
DC terminations 
on a 


AMD~ 


single line may severely 
impact the DC loading on 


the drivers. 


• 
Too many vias (feedthroughs): 
each of these is a 


discontinuity. 
While some vias may be necessary 


for routing, use as few as possible. 
Do not route 


between 
an outside 
layer and an inside layer on 


multilayer 
boards. 


• 
Headers, 
sockets, 
and other components 
that act 


as discontinuities: 
these should be used as spar- 


ingly as possible, 
since they can cause reflections, 


excessive 
EMI, and add to the inductance 
of the 


line. 


• 
Poorly decoupled 
Vcc and ground: 
this can sabo- 


tage the best attempts 
at termination. 
Good termi- 


nation relies on a solid ground 
system, 
and any 


noise being carried on the Vcc or ground 
can 


make its way onto signals. 
It can also make an 


otherwise 
perfect termination 
ineffective, 
causing 


reflections. 


What To Do 


When converting 
from bipolar devices to CMOS devices 


in a given design, 
the following 
considerations 
apply, 


depending 
on how the original 
PAL device 
output 
is 


terminated. 


• 
If the original design 
has parallel-terminated 
lines, 


then conversion 
should pose no problem. 


• 
If the original design has series-terminated 
lines, 


then the conversion 
will likely pose no problems. 


Series-terminated 
lines tend to be a bit more deli- 


cate to design; 
parallel-terminated 
designs 
are 


generally 
more robust, but cause greater 
power 


dissipation. 


• 
If the original design 
has no termination, 
but the 


CMOS device 
has a slower edge rate than the bi- 


polar device 
(as in the case of the 1O-ns 22V1 0, for 


example), 
then the conversion 
should pose no 


problem. 


• 
If the original design has no termination 
and the 


CMOS device 
has a faster edge rate than the bipo- 
lar device, then your action depends 
on the length 


of the trace. No absolute 
rule can be given, but the 


following 
rules of thumb should generally 
be safe: 


- 
if the 
line is longer 
than 
about 
5 inches, 
add 


termination. 


- 
if the line is shorter than 2 inches, the direct con- 
version will likely work. 


- 
if the line is between 
2 and 5 inches, try the direct 


conversion, 
but be prepared 
to add termination 
if 


noise proves to be excessive. 


In general, terminate 
if you feel that it will save you future 


headaches. 


Ove shoot 


A de 
ign that is well terminated 
will likely have very little 


over 
hoot. As reflections 
grow, overshoot 
increases 
in 


both 
the 
positive 
and 
negative 
direction 
(note 
that 


"neg 
tive overshoot" 
is sometimes 
called "undershoot", 
altho 
gh this is technically 
a misnomer). 
The effects of 


over 
hoot on inputs to a PAL device differ depending 
on 


whet 
er it is positive or negative 
overshoot. 


• 
N gative overshoot: 
AMO's CMOS devices 
on 


E 
4 technology 
or later (comprising 
all of the bipo- 


la -equivalent 
devices 
being manufactured 
today) 


a 
able to clamp negative 
overshoot 
effectively. 
o tails can be found in the Application 
Note, Inside 


AMD's 
CMOS PLD Technology. 
Even in the pres- 


ence of large amounts 
of negative 
overshoot, 
no 


anomalous 
behavior 
has been observed 
in AMO's 


CMOS products. 
Negative 
overshoot 
should pose 


no conversion 
problem. 


• 
Positive overshoot: 
this can be an issue if the 


CMOS device used in the replacement 
has no 


positive overshoot 
filter. Not all PLO manufacturers 


use overshoot 
filters, but all of AMO's bipolar- 


equivalent 
CMOS devices 
are being given over- 


shoot filters; with these filters, positive 
overshoot 


will pose no conversion 
problems. 
The equivalent 


input schematic 
in the data sheet will indicate 


whether 
or not a device 
has overshoot 
filters. 


Wh 
n converting 
from bipolar 
to CMOS, 
the following 


grOind 
bounce considerations 
apply. 


• 
I the CMOS 
replacement 
part has a split 


I adframe 
design 
(as indicated 
in the data sheet), 
t, en there will likely be no conversion 
issue (the 


ALCE22V10H-7 
is presently 
the best example 
of 
tis). 


• 
I the outputs 
in the design 
are lightly loaded, then 


t ere will likely be no conversion 
issue. While the 
mount of loading that can be tolerated 
will vary 


f om design to design, outputs 
with 75-100 
pF or 


reater should be considered 
heavily loaded. 


• 
I the design 
has few outputs 
switching 
at a time, 
t en there will likely be no conversion 
issue. 


• 
I many outputs 
switch at a time, or if the loads are 


~eavy, the conversion 
may work just fine anyway; 


Converting 
Bipolar 
PLD Designs 
to CMOS 


Gr, und Bounce 


CM 
S devices of any kind have a reputation 
of causing 


mo 
ground 
bounce 
than their 
bipolar 
counterparts. 


While this is changing 
on AMD's 
fastest 
devices, 
it is 


gen 
rally true on many devices. 
The actual amount 
of 


gro 
nd bounce 
encountered 
will depend 
on the output 


loa 
ing and the number of outputs 
switching. 
The more 


hea 
ier loads, the greater the ground bounce 
may be. 


AM's 
newer CMOS devices have a special design that 


use 
a split leadframe, 
as conceptualized 
in Figure 5. 
Thi 
technique 
allows 
for 
CMOS 
devices 
with 
less 


gro 
nd 
bounce 
than 
their 
bipolar 
equivalents. 
This 


me 
ns that faster CMOS devices will be possible with- 


out 
round bounce 
making them unusable. 


Inside 


Package 


~ 
Noisy 
Quiet 


Line 
Line 


igure 
5. Conceptualization 
of Split Vcc and 


Ground 
Leads 
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try it, but observe 
ground 
and signal conditions 


closely to see if any design 
modifications 
will be 


needed. 


In the last case, design changes 
may be difficult to ac- 


complish, 
depending 
on the amount of ground bounce, 


the design flexibility, 
and the availability 
of engineering 


resources. 
Such changes 
will likely require 
more sub- 


stantial board changes 
than a simple conversion 
would 


require, and may not be feasible. 
If design changes 
are 


possible, 
however, 
the following 
are some things to try. 


• 
Reduce the loading on the outputs. 


• 
If using DIP packages, 
switching 
to PLCC pack- 


ages instead 
may help. PLCC packages 
have 


shorter, 
more uniform, 
lower-inductance 
leads, and 


offer lower ground bounce. 


• 
Keep the board-level 
ground 
inductance 
as low as 


possible 
to make sure that board-level 
ground 


bounce does not exacerbate 
any internal 
chip 


ground bounce. 


• 
Try to reduce the number 
of outputs 
switching. 


This may be difficult 
in many designs, 
but a good 


candidate 
for this would be a state machine. 
If the 


existing 
state bit assignment 
has transitions 
that 


switch many outputs 
at once, try redoing 
the state 


bit assignment 
so that fewer simultaneous 
transi- 


tions occur. Please 
refer to the Application 
Note, 


Basic Design with PLDs for more information 
on 


tailoring 
state machines. 


Keeping Consistent Fuse Checksums 


As shown in Table 1, direct bipolar conversions 
can only 


be made between 
16XX families 
and the 16V8; 20XX 


families 
and the 20V8; the bipolar 
and CMOS 
22V10s; 


and the bipolar 
and CMOS 
20RA10s. 
In the last two 


cases, the architectures 
are identical, 
and there will be 


no fuse checksum 
inconsistencies 
between 
the bipolar 


and CMOS versions. 


Note that there are actually two checksums 
in a JEDEC 


file: the fuse checksum 
and the transmission 
checksum. 


Only the fuse checksum 
reflects the array contents 
spe- 


cifically, 
and is usually the only one of interest. 
Trans- 


mission checksum 
changes will occur if anything 
at all in 


the JEDEC file changes-even 
a comment; 
this may not 
reflect 
any functional 
change 
to the pattern, 
and can 


generally 
be ignored. 
For more information 
on check- 


sums, please refer to JEDEC 
Standard 
3. 


In the case of the 16R8 families 
and the 20R8 families, 


individual 
bipolar architectures 
are converted 
to a single 


universal 
CMOS 
architecture: 
the 16V8 and 20V8, 
re- 


spectively. 
The CMOS devices 
have extra architecture 


bits that determine 
the macrocell 
configuration. 
For ex- 


ample, the 16V8 can be configured 
differently 
to emu- 


late a 16R4 or a 16L8 (as well as other architectures). 


~AMD 


Beduse 
of this, 
the CMOS 
equivalent 
will generally 


hav~ a different fuse checksum 
from the bipolar original. 


If all outputs on a device are used, then converting 
from 


bipo 
r to CMOS 
will give a consistent 
CMOS 
check- 


sum 
regardless 
of which software performs the conver- 


sion 
(of course, this checksum 
will be different from the 


origi 
al bipolar one). However, 
if some outputs 
are not 


use 
,then 
software 
defaults 
generally 
determine 
how 


the 
nused architecture 
bits are set. Different 
software 


programs 
may have different 
defaults; 
therefore 
they 


may generate 
different checksums 
forthe 
same design. 


Note1that it is also possible to perform these conversions 
directly 
through 
cross-programming 
with no apparent 


change 
in checksum. 
However, 
this 
is not 
recom- 
mended as a long-term 
conversion 
mechanism, 
since it 


maklfs the production 
file being used inconsistent 
with 


the ~riginal 
source 
file. Cross-programming 
does 
not 


Chaf:e 
the source file or the original JEDEC file. 


Wh tTo Do 


To c nvert designs 
with unused 
outputs, 
the following 


proc 
dure is recommended 
if a consistent 
checksum 
is 


needed. The solution 
shown below uses PALASM 
syn- 


tax; 
bimilar 
equations 
can 
be specified 
in any 
PLD 


compiler. 


1. Obtain the original 
source file. If the original 
source 


file is unavailable, 
then disassemble 
the JEDEC 


file to obtain a source file. 


2. 
Change the device type in the source file from the 
original 
bipolar device type to the 16V8 or 20V8, as 


appropriate. 


3. 
For each unused 
output, 
add a "dummy" 
equation 


as follows: 


for a combinatorial 
output, 
add 


OUTPUT.TRST 
= GND 


/OUTPUT 
= GND 


for a registered 
output, 
add 


/OUTPUT 
:= GND 


4. 
Recompile 
the design. 


Summary 


Converting 
from bipolar 
to CMOS 
PLDs is generally 
a 


painless process. 
Most designs 
can convert 
easily. The 


more robust the original 
design, 
the easier the conver- 


sion will be. For those 
designs 
that do not convert 
as 


easily, 
there 
are steps that can be taken 
to make the 


conversion 
successful. 
These steps can often result in a 


design that is cleaner and more robust than the original. 


Hlgh-speed-Board 
Design Techniques 


I 


Application Note 


INTRODUCTION 


The most important 
factor 
in the design 
of many sys- 
tems today is speed. 25-MHz 
processors 
are common; 
40-land 50-MHz processors 
are becoming 
readily avail- 


able. The demand 
for high speed results from: a) the re- 
quirement 
that systems 
perform complex tasks in a time 


fra1rlneconsidered 
comfortable 
by humans; 
and b) the 


abi ity of component 
manufacturers 
to produce 
high- 


sp ed devices. 
An example 
of a) is the large amount of 


inf rmation that must be processed 
to perform even the 


mo t rudimentary 
computer 
animation. 
Currently, 
Pro- 


grImable 
Array Logic (PAL) devices are available with 


pro 
agationdelaysof4.5ns. 
Whilethismightseemfast,itis 
not hepropagationdelaythatcreatesthepote 
ntialforprob- 


Ie 
s,butratherthef 
astedge rates neededtoobtaint 
hefast 


pro 
agationdelays.lnthefuture, 
muchfasterdeviceswill 


beI' omeavai lable, with co rresponding 
I~fasteredge rates. 


De igning 
high-speed 
systems 
requires 
not only fast 
co 
ponents, but also intelligent 
and careful design. The 


an 
log aspect of the devices 
is as important 
as the digi- 
tal. In high-speed 
systems, 
noise generation 
is a prime 


co cern. The high frequencies 
can radiate and cause in- 
te 
erence. 
The corresponding 
fast edge rates can re- 
sui 
in ringing, 
reflections, 
and crosstalk. 
If unchecked, 


thi 
noise can seriously 
degrade 
system performance. 


Thf 
application 
note presents an overview of the design 


of righ-speed 
systems 
using 
a PC-board 
layout. 
It 
coyers: 


• 
the power distribution 
system and its effect on board- 
noise generation, 


• 
transmission 
lines and their associated 
design rules, 


• 
crosstalk 
and its elimination, 
and 


• 
electromagnetic 
interference. 


1. POWER DISTRIBUTION 


Th 
most important 
consideration 
in high-speed 
board 


de 
ign is the power 
distribution 
network. 
For a noise- 


fre 
board, 
it is necessary 
to have a noise-free 
power 
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distribution 
network. 
Note that it is just as important 
to 


develop a clean Vcc as it is to get a clean ground. 
For AC 


purposes, which is what this application 
note mainly dis- 


cusses, 
Vcc is ground. 


The power distribution 
network 
also must provide 
a re- 
turn path for all signals 
generated 
or received 
on the 


board. This is often overlooked 
because the effect of the 


return path is less apparent 
at lower frequencies. 
Many 


designs work even when the nature of the return path is 
ignored. 


1.1 Power Distribution Network as a 


Power Source 


1.1.1 
The Effect of Impedance 


Consider 
a 5" x 5" board with digital 
ICs and a power 


supply of +5.0 V. The goal is to deliver exactly +5.0 V to 
the power pins of every device on the board, regardless 
of its position relative to the power source. Furthermore, 
the voltage 
at the pins should be free of line noise. 


A power 
source 
with 
these 
characteristics 
would 
be 


schematically 
represented 
as an ideal voltage 
source 
(Figure 
1a), which 
has zero impedance. 
Zero 
imped- 
ance would 
ensure 
that the load and source 
voltages 


would be the same. 
It also would 
mean that noise sig- 


nals would be absorbed 
because 
the noise generators 


have finite source impedance. 
Unfortunately, 
this is only 


an ideal. 


Figure 1b illustrates 
a real power source with associated 


impedances 
in the form of resistance, 
inductance, 
and 


capacitance. 
These are distributed 
over the power dis- 


tribution network. 
Because of the network's 
impedance, 


noise signals can add to the voltage. 


The design goal is to reduce the power distribution 
net- 


work impedances 
as much as possible. 
There 
are two 


approaches: 
power 
buses 
and power 
planes. 
Power 


planes generally 
have better impedance 
characteristics 


than power 
buses; 
however, 
practical 
considerations 


might favor buses. 


Puplication# 16356 
Rev. A 
AmendmentlO 
Is.Le Date: February 1993 


b) 


Figure 1. The Power Source. a) Ideal Representation; 
b) More Realistic Representation 
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1.1.i 
Power Buses vs Power Planes 


Two power-distribution 
schemes 
are shown in Figure 2. 


A b~S system 
(Figure 
2a) is composed 
of a group 
of 


trac~s 
with the various 
voltage 
levels 
required 
by the 


syst 
m devices. 
For logic. these are typically 
+5 V and 


grou 
d. The number of traces required for each voltage 


leve varies from system to system. A power-plane 
sys- 
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tem (Figure 2b) is composed 
of entire layers (or sections 


of layers) 
covered 
with 
metal. 
Each 
voltage 
level re- 


quires a separate 
layer. The only gaps in the metal are 


those needed for placing pins and signal feed-throughs. 


Early designs favored buses because 
of the expense 
of 


devoting 
entire levels to power distribution. 
The power 


bus shares 
layers with the signal 
lines. The bus must 


sup 
Iy power to all devices, 
while leaving 
room for the 


sig 
al traces; 
therefore, 
buses tend to be long, narrow 


rib 
ns. This results in a relatively small cross-sectional 


are 
with a small resistance. 


Alt 
ough the resistance 
is small, it is significant. 
Even a 


sm 
II board can have 20 to 30 devices on it. If each de- 


vic 
on a 20-device 
board sinks 200 mA, the total cur- 
ren would be 4 A. A bus resistance 
of only 0.125 nhas a 


0.5 
drop. With a 5 V power supply, the last device on 


the 
us might receive only 4.5 V. 


Be ause the power 
plane fills an entire layer, the only 


are 
constraints 
are the dimensions 
of the board. The 


resi tance of a power plane is a small fraction of that of a 
po 
er bus supplying 
the same number of devices. Thus 


a p wer plane 
is more likely than a bus to supply full 


po 
er to all the devices. 


On 
bus, currents 
are restricted 
to paths defined by the 


bus Any line noise generated 
by a high-speed 
device is 


intr 
duced to other devices 
on that power bus. On the 


board in Figure 2a, noise generated 
by U9 is sent to U7 


by t e bus. 


On 
he power 
plane, the noise currents 
are distributed 


bec 
use the current 
path is not restricted. 
This, along 


wit 
lower 
impedance, 
makes 
power 
planes 
quieter 


tha 
power buses. 


1.1. 
Line Noise Filtering 


Th~power 
plane 
alone does 
not eliminate 
line noise. 


Sin e all systems generate 
enough noise to cause prob- 


lem 
, regardless 
of the power distribution 
scheme, extra 


filte ing is required. This is done with bypass capacitors. 
Ge 
erally, a 1l!F to 10 l!F capacitor 
is placed across the 


po 
er input to the board, and 0.01 l!F to 0.1 l!F capaci- 


tors are placed 
across 
the power 
and ground 
pins of 


eve 
active device on the board. 


The bypass capacitor 
acts as a filter. The larger capaci- 


tor 
~ 10 l!F) 
is placed 
across 
the power 
input of the 


boa d to filter lower frequencies 
(like the 50-Hz line fre- 
que 
cy) that usually are generated 
off the board. Noise 


gen 
rated on the board by the active devices have har- 


mo 
ics in the range of 100 MHz and higher. A bypass 


cap 
citor is placed 
across 
each Chip and generally 
is 


mu 
h smaller 
(~ 0.1 l!F) than the capacitor 
across the 


boa d. 


Sin 
e the goal is to filter out any AC component 
on the 


po 
r supply, it might seem initially that the largest pos- 


sibl 
capacitor 
is the best, minimizing 
the impedance 
as 


mu 
h as possible. 
However, 
this does not take into ac- 


cou 
t 
that 
real 
capacitors 
do 
not 
have 
ideal 


cha acteristics. 


A capacitor, 
which is ideally represented 
in Figure 3a, is 


more realistically 
represented 
by Figure 3b. Resistance 


and inductance 
are the result of the construction 
of the 


plates and the leads necessary 
to build the capacitor. 


Because the parasitic 
components 
are effectively 
in se- 


ries with the capacitance, 
they are called equivalent-se- 


ries resistance 
(ESR) and equivalent-series 
inductance 


(ESL). 


Thus the capacitor 
is a series resonant 
circuit for which 
fR 
~ _1_ 
m 


As shown in Figure 4a, it is capacitive 
at frequencies 
be- 


low fR, and inductive 
at frequencies 
above fRoAs as re- 


sult, the capacitor 
is more 
a band-reject 
filter 
than a 


high-frequency-reject 
filter. 


As an example, the 10 l!F capacitors 
used for the board- 


power connections 
are typically 
made with rolls of metal 


foils separated 
by an insulating 
material (Figure 5). This 


results in large ESLs and ESRs. 
Because 
of the large 


ESLs, fR is generally 
less than 1 MHz. They are good fil- 


ters for 50-Hz 
noise, 
but 
not good 
for the 
expected 
1OO-MHz and higher switching 
noise. 


The ESL and ESR result from the construction 
of the ca- 


pacitor and dielectric 
material used, rather than from ca- 


pacitance 
value. The high-frequency 
reject capabilities 


cannot 
be improved 
by replacing 
a capacitor 
with 
a 


larger one of the same type. The impedance 
of a large 


capacitor 
is smaller than that of a small capacitor 
at fre- 


quencies 
below the fR of the small capacitor. 
But at fre- 


quencies 
above fR, the ESL dominates 
and there is no 


difference 
between the impedance 
of the two capacitors 


(Figure 4b). This is because 
only the capacitance 
has 


changed; 
unless the construction 
is changed, 
the ESL 
remains 
essentially 
unchanged. 
To improve 
high-fre- 


quency 
filtering, 
one must replace 
the capacitor 
with a 


type that has a lower ESL. 


Various types of capacitors 
are available 
for specific fre- 


quencies 
and applications. 
Table 1 gives a small over- 


view of some available 
device types. 


---if-- 


a) 
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Figure 
3. a) Ideal Representation 
of a Capacitor 


b) Parasitic 
Components 
added 
to Emulate 


Real Conditions 


a) 
b) 
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Figure 4. a) Capacitor Impedance Versus Frequency; 


) the Effect of Lowering Capacitance While Using the Same Type of Construction 
(Constant ESL) 


Table 1. Bypass Capacitor Groups 


Range of Interest 
Application 


1 ~F to > 20 ~F 
Commonly 
used at power-supply 
connection 


on board. 


0.01 ~F to 0.1 ~F 
Used as bypass capacitor 
at the chip. Also 


often placed in parallel with electrolytic 
to 


widen the filter bandwidth 
and increase 
the 


rejection 
band. 


0.01 ~F to 0.1 ~F 
Primarily 
used at the chip. 


Also useful where 
low profile is important. 


< 0.1 ~F 
Bypass for noise-sensitive 
devices. 
Often 


used in parallel with another 
ceramic 
chip 


to increase 
rejection 
band. 
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Figure 5. Internal Construction 
of a 


Large (> ~F) Capacitor 


The 
west ESL capacitors 
often are made with non-fer- 


rom 
gnetic materials, 
which have a low voltage-capaci- 


tanc 
product. 
Thus 
it 
is 
difficult 
to 
make 
large 


cap 
citors with practical 
breakdown 
voltages to prevent 


boar 
failure. 
However, 
because 
of better filtering char- 


acte istics, larger values might not be needed. 
Figure 6 


com, ares a 0.01 ~F capacitor 
of type COG (non-ferro- 


mag 
etic) to a 0.1 ~F capacitor 
of another 
type. 
Note 


that 
he 0.01 ~F capacitor 
gives better filtering at higher 


freq 
encies. 


T 
e 


EI ctrolytic 


The capacitor 
graphs imply that anyone 
capacitor 
has a 


limited 
effective 
frequency 
operating 
range. 
Because 


systems 
have both high- and low-frequency 
noise, it is 


desirable 
to extend this range. This can be done by put- 


ting a high-capacitance, 
low-ESL device in parallel with 


a lower-capacitance, 
very-Iow-ESL 
device. 
Figure 
7 


shows that this can significantly 
increase 
the effective 


filtering frequency 
range. 


1. 1.4 
Bypass Capacitor Placement 


After the filter capacitors 
have been chosen, 
they must 


be placed on the board. Figure 8a shows the standard 
placement 
for boards with slow device speeds. 
The ca- 


pacitor 
is placed near the top of the device 
to help en- 


sure its accessibility. 
While simple for layout, this does 


not give the best high-speed 
performance. 


Note that the Vcc capacitor 
connection 
is quite close to 


the chip's Vcc connection, 
but the ground connection 
is 


far away. 
Because 
noise 
is not uniform 
on a power 


plane, 
the capacitor 
is not filtering 
noise 
at the chip 


leads; it is only filtering 
noise near the chip. 


100.000 


10.000 


9- 
1.000 


N 
0.100 
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Figure 6. Frequency Response of X7R and COGType Construction 
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Figure 8. a) Typical Placement of Bypass Capacitors; 


b) Preferred Placement of Bypass Capacitors 


Bett 
r performance 
can be obtained 
by ensuring 
that 


the chip and the capacitor 
contact the Vcc and ground 


plan~s at the same point. Because 
the capacitor 
size is 


diffefent 
from that of the chip, it is necessary 
to run two 


traces from the Vcc and ground 
plane contact points to 


the ckpacitor, 
as shown in Figure 8b. These "lead exten- 
sions" are placed on a non-power 
plane and should be 


kept ks short as possible. 
It is generally 
best to place the 


capacitor 
on the opposite 
side of the board, directly un- 
der the chip. A surface-mount 
chip capacitor 
works well 


here 


Note that the "lead extension" 
traces from the capacitor 


to the power 
pins take up space that could have been 


used for signal-line 
routing. 
However, 
putting 
extra ef- 
fort i1to routing the signal lines now could prevent much 
nois 
-reduction 
work later on. 


For devices with multiple Vcc and ground pins, how best 
to b~1 ass depends 
on the device. 
In particular, 
it de- 


pend 
on whether 
the power pins are connected 
inter- 


nally 
On some devices, 
such as the PAL 16R8-4 series, 
the 
round 
pins are connected 
by a common 
ground 


bus. On these devices, 
it is only necessary 
to bypass 


one ground pin to one Vcc pin. If the power is kept sepa- 
rated 
internally, 
the 
separate 
Vcc 
pins 
must 
be 


decoupled 
individually. 
In general, 
it is best to contact 


the device's 
manufacturer 
for specific 
recommenda- 


tions. 


1.2 Power Distribution 
Network as a 


Signal Return Path 


One of the more surprising 
functions 
of the power net- 


work is the provision 
of a return path for all signals in the 


system, whether generated 
on or off the board. Designs 


that accommodate 
this aspect of the power distribution 


system eliminate 
many high-speed 
noise problems. 


1.2.1 
The Natural Path of the Signal-Return 
Line 


Of greatest 
concern 
in high-speed 
design 
is the energy 


generated 
at the signal 
switching 
edges. 
Each time a 


signal 
switches, 
AC current 
is generated. 
Current 
re- 


quires a closed loop. As illustrated 
schematically 
in Fig- 


ures 9a and 9b, the return path needed to complete 
the 


loop can be supplied by the ground or Vcc. The loop can 
be represented 
by Figure 9c. 


Figure 
9. Current 
Loop of a Signal on the Board. 
a) Through 
Vcc; b) Through 
Ground; 
c) The Equivalent 
AC Path 
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Fig 
re 10. Inductance 
Increases 
as the Signal and 


Return 
Path are Separated 


Cur ent loops have inductance 
and can be thought of as 


sing e-turn coils. They can aggravate 
ringing, crosstalk, 


and radiation. 
The current-loop 
inductance 
and associ- 


ate 
problems 
increase 
with loop size. Minimizing 
the 


size of the loop minimizes 
these problems. 


AC 
return 
signals 
have 
an entire 
plane 
in which 
to 


cho, se a path, but they take the path of least impedance 
(not necessarily 
least resistance) 
to the current. 
Imped- 


anc 
also includes 
inductance 
and capacitance. 
Metal 


has very little resistance; 
therefore, 
the impedance 
is 


pri 
arily inductive. 
Because 
impedance 
increases with 


ind ctance, the path of least impedance 
is the path with 


the 
mallest inductance. 


If th 
signal line goes from A to B on a random path, the 


nat 
ral return path is not necessarily 
a straight 
line, as 


wou d be dictated 
for least resistance. 
As noted in Fig- 


ure 
0, the inductance 
of a signal line and its return line 


incr 
ases with the separation 
of the two paths. The path 


of least impedance 
is the path bringing the signal-return 


line closest to the signal line. If it can, the signal return 
follows the signal line as closely as possible, 
resulting 
in 


the smallest loop. In multiple layer boards, "as closely as 
possible" 
usually means in a ground or Vcc plane above 


or below 
the 
signal 
trace. 
In a two-layer 
board, 
this 


means the closest ground or Vcc trace. 


1.2.2 
Bus vs Planes 
for a Signal 
Return 
Path 


Figure 2a shows that a power bus has a fixed path. The 
return signal 
must follow this path, whether 
optimal 
or 


not. Unless the signal lines are purposely 
laid out near 


the power 
buses 
and oriented 
to minimize 
loop size, 


there will probably 
be large loops. If the layout of a board 


using 
buses 
for power 
distribution 
is not thought 
out 


carefully, 
it can result in a configuration 
that generates 


much noise. 


The power plane imposes 
no natural restrictions 
on cur- 


rent flow. Thus the return signal can follow the path of 
least impedance, 
which is the path closest to the signal 


line. This results in the smallest 
possible 
current 
loops, 


which 
makes 
it the preferred 
solution 
for high-speed 


systems. 


Although 
power planes have an advantage 
over buses, 


the benefits 
they provide 
can be defeated 
by the de- 


signer. Any break in the natural path of the return signal 
forces it to go around the break, increasing 
the loop size 


(Figure 
11). Be careful 
about cuts 
in the ground 
and 


power planes. 


1.3 layout 
Rules With Power 


Distribution Considerations 


The following 
layout rules will help you take advantage 


of power planes and avoid pitfalls. 


Return 


Signal 
"- 


Plane 
"- 


Current 
forced 
around 
break. 
increasin!=l L 


~ 
f'MD 
a. 
Be Careful 
with Feedthroughs 


Cuts 
in the 
power 
plane 
tend 
to show 
up 
at feed- 


throughs 
or vias. 
These 
are necessary 
for traces 
to 


cros~ sides 
of the board 
and to connect 
components 


and ~onnectors 
to the board. 
They are surrounded 
by 


smal 
gaps where the power planes are etched away to 


avoi 
shorts in the signal lines. If the vias are close and 


the e chingswide, 
they mighttouch 
and form a barrier to 


any r turn path. This can occur with backplane 
connec- 


tors rd 
device 
sockets. 


For e ample, this can occur on the connectors 
on VME 


backplanes. 
The 104-pin 
connector 
has vias that can 


block'the 
signal return. All the return signals are forced 


to the edge of the board. Not only are the loops longer, 
but t Ie edge is shared by all the return signals; as we will 
see, 
his can result in crosstalk 
(Figure 
12). 


b. 
Ground 
Cables 
SUfficiently 


curr~nt 
loop considerations 
are also applicable 
for ca- 


bles ~oing off the board. Every signal should be a two- 
wire ~air: one for the signal, and one for the return. The 


Common 
Return 
Path for A and B 


two lines should be kept next to each other to minimize 
the loop size. Figures 13a and 13b illustrate poorer con- 
figurations. 
Figure 13c illustrates 
the proper configura- 


tion. 


c. 
Separate 
Analog 
and Digital Power Planes 


High-speed 
analog devices tend to be sensitive to digital 


noise. 
For example, 
amplifiers 
can 
amplify 
switching 


noise, making it appear as spikes. Thus on boards with 
analog and digital functions, 
the power planes are com- 


monly 
separated; 
the planes 
are tied together 
at the 


power source. This causes a problem for devices 
using 


both types of signals 
(such as DACs or voltage 
com- 


parators). The signal lines must cross the plane bounda- 
ries. These 
boundaries 
force 
the 
return 
path 
to the 


power source before returning 
to the driver. 


The 
solution 
is to place 
jumpers 
across 
the 
ground 


planes where signals cross (Figure 14). The jumper pro- 
vides a bridge across the break forthe 
return signal; this 


helps minimize 
the current loop. 


FI ure 13. Connector Configuration. 
a) Insufficient 
Grounds; b) Enough Grounds but Grounds lumped 
Together Resulting in Larger Current Loops; c) Grounds Evenly Distributed 
Among Signal Lines 


/Analog 
Signal 
[>- 


Ground Bridge 
to Complete 
Current Loop 
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Figure 14. Jumper Between Analog- and Digital·Power Planes for Signal-Return 
Path 


void Overlapping Separated Planes 


n separate 
power-planes 
are used, do not overlap 


the 
wer plane of the digital 
circuitry 
and the power 


pia 
e of the 
analog 
circuitry. 
The analog 
and digital 


power planes are separated 
to isolate the currents 
from 
each other. If the planes overlap, there is capacitive 
cou- 


pling, which defeats 
isolation. 


To ensure separation, 
take a board and cut between the 


separt,ed 
planes. 
Then 
inspect 
the 
newly-exposed 


edges 
f the board. No metal should be showing, except 


where 
races or connections 
are specifically 
designed to 


cross 
he boundary. 


e. 
Isolate Sensitive Components 


Certaf.idevices. 
such as phase-locked 
loops, are par- 
ticular 
sensitive 
to noise interference. 
They require a 


highe 
degree 
of isolation. 


Good ~solation can be achieved 
by etching a horseshoe 


in the power 
planes 
around 
the device 
(Figure 
15). All 


signalr 
used by the device enter and leave through 
the 


narrow gap at the end of the horseshoe. 
Noise currents 


on the1power plane must go around the gap and do not 
come close to the sensitive 
part. 


When using this technique, 
ensure that all other signals 


are ro ted away from the isolated 
section. 
The noise 


signal~ generated 
by these lines can cause the interfer- 


ence t~iS technique 
was designed 
to avoid. 


Corresponding { 
Signal 
Lines 


f. 
Place Power Buses Near Signal Lines 


Sometimes, 
the designer 
must use two-layer 
boards 


and is forced 
to use power 
buses 
instead 
of planes. 


Even then it is possible to control loop size by placing the 
buses 
as close 
as possible 
to the 
signal 
lines. 
The 


ground 
bus could follow the most sensitive 
signals 
on 


the other side olthe 
board (Figure 16). The loop for that 


signal is the same as it would be if the load used power 
planes. 


2. 
Signal Lines as Transmission Lines 


Controlling 
the relationship 
between 
the signal line and 


AC ground takes advantage 
of the return signal's 
ten- 


dency to take the path of least impedance. 
Another 
ad- 


vantage is the constant 
impedance 
along the signal line. 


Such signal lines are called controlled-impedance 
lines. 


and they provide 
the best medium 
for signal transmis- 


sion on the board. 


Gap in Power 


/Planes 


Noise- 
Sensitive 
Device 


Isolated 
Ground Plane 
DDD 


DDDD 
DDD 
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Figure 
16. Providing 
the Optimum 
Signal-Return 
Path with 
a Bus-Power 
Distribution 
System 
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Ho-1ever, when the signal delay is greater than a signifi- 
ca+, portion of the transition 
time, the signal line must be 


treated as a transmission 
line. An improperly terminated 


tra~smission 
line is subject to reflections, 
which distort 


thelsignal. 
The signal at the load end of the line can re- 


serrble 
ringing (Figure 17), slowing down the system. 
It 


ca~ also cause false clocking, 
destroying 
system func- 


tio"aJity. 


A controlled-impedance 
signal line can be modeled 
as 


sh9wn 
in Figure 18. Inductance 
and capacitance 
are 


evenly distributed 
along the length olthe 
line. Their units 


arel henrys per unit length and farads per unit length, re- 
sp ctively. 


From the model, we can derive two important 
parame- 
ters: impedance 
(Zo), and propagation 
delay (tPD). On a 


lossless 
signal line, Zo is an AC resistance; 
Le., Zo ap- 


pears to the driver as a pure resistor. 
Its units are ohms 
(Q), and it is equal to 


where 
Lo = Signal Line Inductance 
in henrys per unit length 


Co = Signal Line Capacitance 
in farads per unit length 


The propagation 
delay also depends 
on Lo and Co. It has 


units of time per unit length, and it is equal to 


tpD 
= Y LoCo 


o ----------------"'----------------------------------------- 


Tr~msmission line Categories 


GiVen that the designs 
discussed 
in this paper are for 


printed circuit boards, the possible types of signal lines 
fall into one of two categories: 
stripline 
and microstrip 


(Figure 19).The strip line has the signal line sandwiched 
betWeen two power planes. This technique 
theoretically 


offers 
the cleanest 
signals 
because 
the signal 
line is 


shielded 
on both sides. However, 
the lines are hidden; 


there 
is no easy access 
to the signal 
lines. Microstrip 


has the signal line on an outer layer. The ground plane is 
to one side of the signal line. This technique 
allows easy 


access to the signal line. 


-j 


h 


~ 


Fig 
re 19. Signal 
Line Construction 
on a Circuit 
Board. 
a) Stripline; 
b) Microstrip 


The PfIrameters 
Co, Lo, Zo, and tpo can be determined 


from tre 
physical 
dimensions 
of the signal line and the 


dieledtric properties 
of the board material. They are dis- 


CUSSid below. 


For S rip line 


Zo 
= ~ 
In 
4h 
~ 
0.67rrw 
(0.8 
+ k) 
w 


Co 
1000 
tpD 
pF!ft 
Zo 


2 
Lo = 
ZOCo pH!ft 


For ~icrostrip 


Zo 
= 
87 
In 
5. 98h 
il 
VCR+ 
1.41 
0.8w 
+ 
t 


Co 
1000 
tpD pF! ft 
Zo 


Example 


The dimensions 
of the trace and board are restricted 
by 


certain rules. Generally, 
the vendor sells the board with 


1 oz of copper, so the metal thickness 
is about 1 mil. The 


trace width 
should 
be between 
8 and 
15 mils. Signal 


lines thinner than 8 mils tend to be harderto 
control. Sig- 


nal lines thicker 
than 15 mils tend to have excess 
ca- 


pacitance. 
A 
typical 
value 
is 
10 
mils. 
The 
layer 


separation 
is determined 
by the required 
board 
thick- 


ness and the number 
of layers to be used. For this ex- 


ample, 30 mils is adequate. 


Based on these assumptions, 
it is possible 
to calculate 


the parameters 
for a typical signal line: width = 10 mils, 


thickness 
= 1 mil, separation 
= 30 mils, and eR = 5. 


87 
In 
5.98 
* 
.03 
il 


f5 + 1.41 
0.8 
* 
.001 
+ 
.01 


1000 
* -..L...12 
pF! ft 


67.05 


67.052 
* 26.1 
pH!ft 


117 
nH/ft 


Distributed Load Calculations 


The 
calculations 
above 
are for 
a signal 
line with 
a 


lumped 
load at the end of the trace 
(Figure 
20). If the 
load is distributed 
along the signal line (Figure 
21), the 


capacitance 
of the load devices is also distributed 
along 


the line and adds to the line capacitance. 
This changes 


the signal-line 
parameters 
Zo and tpo. The new parame- 


ters are derived 
from the original 
values 
based on the 


added capacitance, 
CL, in farads per unit length: 


Zo 
Zo 
il 


rV1 
+ cL 


Co 


tpD 
tpD * rV1 
+ cL 
ns/ ft 


Co 


eR is 'he relative dielectric 
constant 
of the board mate- 
rial. A common 
material 
is epoxy-laminated 
fiberglass, 


whic~ has an average 
eR of 5. 
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l 
~ 
Source 


AMD~ 


4.14 ns/ft 


Wit 
this 
distributed 
load, 
the 
impedance 
has been 


gre1atly reduced, 
and the signal is now much slower. 


R~flections 


The source 
generates 
a signal with an energy 
content 


determined 
by Zo Q. Even though the line is seen as a 


res/stance, 
the signal 
line does 
not dissipate 
energy. 
Thf 
energy 
in the signal must be dissipated 
by the load 


imqedance 
(ZL), as shown in Figure 20. 


The maximum 
transfer 
of energy from source to load re- 
qui es that the load impedance 
equal the source imped- 


anr' 
For the entire 
signal to be transferred 
to ZL, ZL 
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Dis ributed loading is common 
in memory banks. The in- 


put 
pacitance 
on these devices can range from 4 pF to 


12 
F. The following 
example 
uses 5 pF. The physical 


siz 
of memory 
devices 
usually 
permits 
placing two of 


ther 
per inch. 
The distributed 
added 
capacitance 
is 


the: 


5 pF 


in 
*....l....fl;. 


12 
in 


I 
= 
120 pF/ft 


Tht 
new values of Zo and tPD,based on distributed 


10aring, are: 


Zo 
67.05 
il 
. / 
120 
pF/ft 
'V 1 + 26.1 
pF/ft 


1.75 
ns/ft 
* ./~ 
+ 
120 pF/ft 
'V 
26.1 
pF/ft 


must equal Zoo If they are not equal, some of the signal 
energy 
is dissipated, 
and the rest is reflected 
back to- 


ward the source. The source generator 
output then ad- 


justs to compensate 
for the "new" load. 


The waveform 
of the signal at the load can be thought of 


as the sum of the originally 
generated 
signal and the re- 


flection from the load. The appearance 
of the waveform 


depends 
on the mismatch 
of the load and line imped- 


ances and the ratio of the signal-transition 
time (tR) to 


the propagation 
delay of the line ('), tRh. If the transition 


time is significantly 
longer than the propagation 
delay of 


the 
line, the 
reflection 
reaches 
the 
source 
when 
the 


original 
signal 
has changed 
only a small amount. 
The 


generator compensates 
forthe 
"new" load and transmits 


the corrected 
signal with little signal 
disturbance. 
The 


signal at the load then has a small overshoot. 


If the propagation 
delay of the line is long enough for the 


reflection 
to 
reach 
the 
source 
after 
the 
signal 
has 


changed 
a significant 
percentage, 
the generator 
must 


change 
significantly 
to compensate 
for the load. The 


load reflects the new transition, 
which results in the ring- 


ing shown in Figure 17. 


The amount 
of overshoot 
usually 
varies proportionally 


with the signal-line 
length until the signal-line 
delay is 


equal to the transition 
time. At this point, the overshoot 


can be as much 
as the original 
transition, 
effectively 


doubling 
the swing of the transition. 


A signal line long enough to produce 
significant 
reflec- 


tions acts like a transmission 
line. The point at which the 


signal line is considered 
a transmission 
line depends 
on 


the amount of tolerable distortion. 
A liberal rule of thumb 
is to consider 
a signal line a transmission 
line when the 


transition 
time of the original 
signal 
is less than four 


times the propagation 
delay of the signal 
(Figure 
22); 


that is, when tAl. ~ 4. 


I 


~MO 


Original Signal 
at Source 


t 
t< 2: 
4 


Signal 


at Load 
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Figure 
22. Minimum 
Delay 
Between 
Original 
and Reflected 
Signal 
Which 
Results 
in a Transmission 
Line 


A more conservative 
rule is to consider 
the signal line a 


transmission 
line when tRl't is less than eight times the 


propagation 
delay. 
Generally, 
the larger the transition 


time is in relation to the propagation 
delay of the signal 


line, the cleaner 
the resultant 
signal. 


From this it is possible 
to determine 
what length of the 


micrEtriP 
line discussed 
above 
must be treated 
as a 


trans 
ission line. On available 
devices, 
tR ranges from 


5 ns 
especially 
those using bipolar technology) 
to 1 ns 


(new 
r bipolar and CMOS devices). 
The rise times and 


corresponding 
signal-line 
lengths are shown in Table 2 


for the example 
given above. 


I 
Table 
2 


Exa 
pie: tR and Corresponding 
Transmission-Line 


Len 
th for 
!:B 
= 
4 


"l" 


tR (ns) 
Line 
Length 
(inch) 


5 
8.6 


4 
6.9 


3 
5.1 


2 
3.4 


1 
1.7 


For older devices with 5 ns transition 
times, signal lines 


shorter than 8.6" 
do not have to be treated as transmis- 


sion lines. For newer, high-speed 
devices, 
even a two- 


inch line is a transmission 
line. Practically 
all signal lines 


are transmission 
lines on boards 
with 
high-speed 
de- 


vices. 


If the transmission 
line has the distributed 
load in the ex- 


ample 
above, 
then 
the 
minimum 
transmission-line 


length 
must be reconsidered. 
As shown 
in Table 
3, a 


four-inch 
line is a transmission 
line when tR = 5 ns. If 


tR = 1 ns, a signal line smaller than one inch is a trans- 
mission 
line. 


Table 
3 
Example: 
tR and Corresponding 
Transmission-Line 


Length 
with 
Lumped 
and Distributed 
Loads 


for 
!:B 
= 
4 


"l" 


Line Length 
(inch) 


tR (ns) 
Lumped 
Load 
Distributed 
Load 


5 
8.6 
3.6 


3 
5.1 
2.17 


2 
3.4 
1.4 


1 
1.7 
0.75 


~.nlifying 
Reflections 


Given that the signal 
line is long enough to be consId- 
ered a transmission 
line, the size of the reflected 
signal 
de~·ends on the difference 
between 
Zo and ZL. The nu- 


me1ical indicator of the percentage, 
or the original signal 


tha.t is reflected, 
is called the reflection 
coefficient 
(KR). 


KRlis equal to: 


Thll 
percentage 
of the 
original 
signal 
reflected 


back is 100 • KR. 


Re erring back to the open load: 


00 
- 
Zo 
KR 
=--- 


00 + Zo 


-1 


Fo open and shorted loads, the entire signal is reflected 
without 
attenuation. 
KR is negative for the shorted load. 
This indicates 
that the reflected 
signal is inverted from 


thj 
original. 


W"~ha printed-circuit 
board, it is possible to estimate the 
ex ected type of mismatch. 
Zo typically 
ranges from 30 


n 
0 150 n. Input impedances 
range from 10 kn (for bi- 
po ardevices) 
to over 100 kn (for CMOS devices). 
Out- 
pUeimpedances 
can be very low. A CMOS PAL device, 
su h as the PALCE16V8, 
has a typical-output 
LOW volt- 
ag 
of 0.2 V at 24 mA for about 8 n. The output-HIGH 


imredance 
is about 
50 n, 
which 
is closer 
to the ex- 
pected Zoo 


C nsider 
the 
microstrip 
line 
derived 
earlier, 
with 
a 
C~OS 
device 
as 
its load. 
The 
following 
discussion 


shbws what happens 
on the HIGH to LOW transition. 


T e driver's 
output 
impedance 
(Zs) is: 


* 


= ~/~ 
= 8.3 n 


A 
re accurate 
number can be obtained from an actual 


I 
curve of the output. 


The input impedance 
of the load is greater than 100 kil. 


This is so much greater 
than Zo (67 n), 
that KR at the 


load is practically 
equal to one. KR at the source 
is: 


K 
- 
8.3 
- 
67 


R 
- 
8.3 
+ 
67 


= 
-0.78 


The driver generates 
a signal switching 
from 3.5 V to 0.2 


V. Since the driver-<>utput impedance 
and ZO make up a 


voltage divider, the generated 
signal is: 


L1v 
= 
(0. 
2 
v - 
3. 
5 
V) 
Zo 


Zo 
+ 
Zs 


(0.2 
V - 
3.5 
V) 
50 


50 + 8 


= 2.84 
v 


The resultant 
signal at the source 
is: 


Vs 
= 3.5 
v 
- 
L1v = 3.5 
V - 
2.84 
V 


= 
.066 v 


When 
the 
signal 
reaches 
the 
load, 
VL changes 
by 
-2.84 
V from 
the original 
transmission 
and a further 


-2.84 
V from the reflection. 
Since VL originally 
was 3.5 
V, it is now-2.19 
V. 


At the start. Vs = 0.66 V. The reflected 
signal returns to 


the source. Some of it is reflected 
perthe 
source KR. VS 
is equal to the sum of the original 
signal, the reflected 


signal, and the second 
reflected 
signal. The second re- 


flection 
is equal to: 


vR = 
-.78 
* 
-2.84 


2.21 
V 


Vs = 
0.66 v + 
-2.84 
V + 
2.21 
v 


-0.035 
v 


The second reflection 
goes to the load. When it arrives, 


VL = 
-2.19 
+ 
2.21 
+ 2.21 


= 2.24 


The signal continues 
like this, bouncing 
back and forth, 


getting smaller each time. This is illustrated 
in the lattice 


diagram 
in Figure 23. The lines at the left and right are 


the voltage at the source and load, respectively. 
The an- 
gled lines show the value of the transmitted 
signal and 
the reflections. 


Vs 
O.66V 


-O.04V 
Time 


j 
2.24V 


O.59V 


The s me information 
in the time domain 
is shown 
in 


Figur 
24. The top part of the Figure shows the source; 
the bo tom shows the load signal. Note that it takes five 
complete 
cycles for the signal strength to drop below the 


input t reshold. 
Propagation 
delays 
are typically 
from 


2 nslft to 5 ns/ft. With tpo = 3 ns/ft and a 6-inch line, the 
delay ~cross the line is about 1.5 ns. The signal can be 
safely ponsidered 
valid at about 13.5 ns after the original 


transitIon. 


TERMINATION 


The amount 
of reflections 
shown 
in the last example 


would 
be too much for most systems. 
A technique 
is 


needef 
to eliminated, 
or at least reduce, the reflections. 


Since 
he reflections 
are eliminated 
when ZL = Zo, it is 


neces 
ary to change 
ZL to equal Zoo 


To understand 
this, look at the nature of the input and 


output impedances 
of the PAL devices. As noted above, 


input impedances 
tend to be high. Bipolar is in the 10 kQ 


range, while CMOS is in the 100 kQ range. Output driv- 
ers tend to have low impedance. 


There are two schemes 
for termination: 
reduce ZL to Zo 


to eliminate load reflections, 
or increase Zs to Zo to elimi- 


nate secondary 
reflections 
at the source. 
ZL can be re- 


duced 
by 
placing 
a 
resistor 
in 
parallel 
with 
the 


load-parallel 
termination; 
Zs can be increased 
by plac- 


ing a resistor in series with the source and the line-se- 
ries termination. 


Parallel termination 
is shown in Figure 25a. Because 
of 


the extremely 
high input resistance 
of most devices, 
RL 


can be made equal to Zoo 


3 


~ 
2 
(ijc: 
.!2' 
en 
~ 
:J 
~ 
5't 
7't 


Time 
(Unit Delay) 


Input 


------------------------ 
Threshold 


b) 


Figure 24. Time Representation of a Reflected Signal; a) at the Source b) at the Load 


Figure 25. a) Parallel Termination; 
b) Thevenin Equivalent; 
c) Active Termination; 
d) Series Capacitor; e) Series Termination 


This 
cheme has one disadvantage: 
the current drain is 


high orthe 
HIGH-output 
state. For a 50-n termination, 
it 


can 
e as much as 48 mA. Most drivers are rated for an 


100 0 3.2 mA. This is clearly above the level that the de- 
vice 
an support 
and still maintain 
an adequate 
VOH. 


Ter 
inating to Vcc can help, since IOLis usually higher 


than 
IOH. However, 
most CMOS 
devices 
designed 
for 


boar 
-level applications 
have drivers rated for an IOLof 


24 m 
or less. This is still below the level that can sup- 


port 
nd maintain an adequate 
VOLfor a low-impedance 


trans 
ission line. 


The 
urrent can be reduced 
considerably 
by using two 


resis ers, as shown 
in Figure 25b. The resistors form a 


volta 
e divider with the Theveninvoltage 
equal to: 


_ vcc 
* 
R2 
VTH 
- 
---- 
Rl 
+ 
R2 


The 
hevenin 
resistance 
is equal to: 


A1tho gh this is a good solution, 
there is higher power- 


supp y current 
because 
the resistors 
are between 
Vcc 
and 
round. 


Anot~er 
approach 
to reducing 
load current 
is to refer- 


ence~he resistor to a positive voltage between 
Voo and 


VOL (Figure 
25c). The current 
flow from 3 V to 2.5 V 


throu 
h a 50-n 
resistor 
is considerably 
less than the 


flow f om 3 V to ground through 
the same resistor. This 


does not present 
any signal problems, 
because the DC 


volta 
e reference 
is AC ground. However, 
it is difficult to 
find 
terminating 
voltage 
source that can switch from 


sinki 
g current 
to sourcing 
current 
fast enough 
to re- 


spon 
to the transitions. 


Anot~er technique 
is to replace the original terminating 


resis 
rwith a resistor and capacitor 
series-RC 
network 
(Figu e 25d). The resistor 
is equal to ZooThe capacitor 
can 
on the order of 100 pF; the exact value is not im- 


port~t. 
At these 
frequencies, 
the capacitor 
is an AC 


short but it blocks 
DC. Thus the driver does not see the 


DC I ading effect of RL. This technique 
is referred to as 


AC t rmination. 


Tech 
iques that terminate 
at the load are designed 
to 


elimi 
ate the first reflection. 
An alternate 
approach 
is to 


incre 
se Zs to equal Zo by placing 
a resistor 
in series 


with t e source (Figure 25e). When added to Zs, this re- 
sisto 
makes the new source 
impedance 
look like Zoo 


This t pe of termination 
works best with a lumped 
load 


beca 
se the voltage divider formed by the Zs and Zo at- 


tenu~ es the signal 
(Figure 
26 a and b). The original 


transi ion is cut in half by this voltage divider, since Zs + 


RL = ZooThis half-transition 
tracks 
down the transmis- 


sion line until it is reflected 
at the load, which 
is unter- 


minated. 
Since 
the 
reflection 
causes 
the 
original 


half-transition 
to double, it brings the signal at the load to 


its final value (Figure 
27a). The reflection 
then travels 


back up the line, completing 
the transition 
all along the 


line (Figure 27b). 


Figure 
26. a) Series 
Termination; 


b) Voltage 
Divider 
formed 
by Series 
Termination 


This can be illustrated 
by putting a series terminating 
re- 


sistor on the unterminated 
microstrip 
example 
consid- 


ered earlier. 
A 59-n 
resistor 
(680 
- 90) 
is placed 
in 


series with the driver. For a LOW to HIGH transition, 
the 
signal at the source 
is: 


~V 
= 
(0.2 v - 
3.5 
V) 
Zo 


Zs 
+ 
Zo + 
59 
0 


(0.2 
V- 
3.5 
V) 
* 
67 
Q 


8 
Q + 
67 
Q + 
59 
Q 


-1. 65 V 


Vs 
3.5V+~v 


3.5 
V - 
1. 65 V 


1.85 
V 


If the load is effectively 
an open circuit, 
then a -1.65 V 


reflection returns. When the reflected signal reaches the 
source, no new reflections 
occur because Zs is matched 


to Zo by RT. Vs is 1.85 V -1.65 
V = 0.2 V. 


The reflection 
at the load causes VL to equal 0.2 V when 


the original signal arrives. 
Vs does not equal 0.2 V until 


the reflected 
signal returns, 
in this example, 
3 ns later 


(Figure 27). 


AMD~ 


l't 


Time 
(Unit Delay) 


It 


Time 
(Unit 
Delay) 


Thif 
can be a risky approach 
if the load is distributed 


alo 
g the line, since those loads not at the end of the line 


will see some 
intermediate 
voltage 
until the reflection 


cle 
ns them up on its return to the source. 
In addition, 
thi 
technique 
adds the delay of the return trip because 


the signal cannot 
be considered 
valid until the device 


clo 
est to the driver has a valid input. The input to the 


device closest to the driver becomes 
valid upon the re- 


tur~ of the reflection. 
The delay is longer than indicated 


in the last example 
because 
the added capacitance 
of 


the distributed 
load reduces 
Zo and increases 
tPD. 


De pite this drawback, 
series 
termination 
is success- 


full 
used with DRAM drivers, 
even when the DRAMs 


are pistributed 
along the signal line. The risk of the sig- 
nal spending 
time nearthreshold 
and the extra delay are 


reduced 
by choosing 
RT so that 
the 
resultant 
Zs is 


slig~t1y less than Zoo The voltage 
swing 
at the line is 


larg~r, and the voltage 
level is closer to VOL, below the 


input threshold. 
If the line is terminated 
with 20 n, Vs 
bec 
mes: 


(0.2 v - 
3.5 
V) 
Zo 
Vs = 3.5 
V + --------- 


Zs 
+ 
Zo 
+ 
20 n 


3.5 
V 
+ 
(0.2 V 
- 3.5 
V) * 
67 n 


8 n 
+ 
67 n 
+ 
20 n 


Because 
the termination 
is not an exact 
match, 
some 


ringing occurs. 
However, 
if the ringing 
is below a toler- 


able level, 
it can be used successfully. 
The designer 


must decide on the compromise. 
Furthermore, 
the high 


capacitance 
of memory 
lines often 
swamps 
out the 


ringing. 


Often, an exact match is not possible because 
of the dif- 


ferences 
between 
the HIGH- 
and LOW-output 
imped- 


ances. 
The 
output 
impedance 
of 
TTL-compatible 


devices is different for HIGH and LOW levels. For exam- 
ple, the PALCE16V8 
is 8 nwhen LOW, and about 50 n 


when HIGH. This complicates 
the choice 
of a terminat- 


ing resistor 
because 
no single 
value 
is ideal for both 


cases. A compromise 
value must be chosen that results 


in acceptable 
results in both transition 
directions. 


layout 
Rules for Transmission 
lines 


The controlled 
impedance 
signal line is the best practi- 


cal medium 
for signal transfer 
on a board, 
and proper 


termination 
helps ensure 
proper 
noise-free 
operation. 


However, 
it is still possible to generate 
noise with an in- 


efficient 
layout. 
The following 
layout 
rules further 
en- 


hance board operation. 


1. A old Discontinuities 


Disco 
tinuities 
are points where the impedance 
of the 


signal line changes 
abruptly; they cause reflections. 
The 


formu a for KR is as valid here as it as at the end of the 
line. Because 
they cause 
reflections, 
they 
should 
be 


aVOid~d. Discontinuities 
can be at sharp bends on the 


trace 
r at vias through 
the board. 


At be ds on the 
trace, 
the 
cross-sectional 
area 
in- 


creasrs, 
and Zo decreases. 
It is possible to compensate 


for thE1bend by cutting the trace as shown in Figure 28. 
The cut is chosen 
so that the resulting diagonal 
is equal 


to the 
race width. This minimizes 
the delta in cross-sec- 


tional area, as well as the discontinuity. 
Using two 450 


bends makes use of the same concept 
and is a common 


way 
of smoothing 
out 
bends. 
A smooth 
circular 
arc 


would be ideal but is harder to generate 
with many tools. 


Vias take signals 
through 
the board 
to the other 
side 


(Figure 29). The vertical 
run of metal between 
layers is 


an uncontrolled 
impedance, 
and the more of these there 


are, the greater is the overall amount of uncontrolled 
im- 


pedance 
in the line. This contributes 
to reflections. 
Also, 


the 900 bend from horizontal 
to vertical is a discontinuity 


that generates 
reflections. 
If vias cannot 
be avoided, 


use as few as possible. 
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FI ure 28. Reducing Discontinuity. 
a) Corner on PC Board Trace which Causes Discontinuity' 
Solved· 
b) by Shaving the Edge; c) by 450 Corner; d) by Using Curves 
,. 


I 
i 


5-126 


T 
1 


Controlled 
Impedance 


Uncontrolled 
Impedance 


No e that changing 
from an outer layer to an inside layer 


(or vice versa) generates 
an impedance 
change, 
since 


th 
design effectively 
is changed from stripline to micro- 


stn 
(or vice versa). 
While it is theoretically 
possible 
to 


ch 
nge geometries 
to compensate 
and keep 
imped- 


an es the same, it is very difficult to do so in production. 
Th 
best results are obtained 
if outside 
signals 
remain 


ou side, and inside signals remain inside. 


2. 
Do Not Use Stubs or Ts 


W 
en laying out the signal lines, it is often convenient 
to 


ru 
stubs or Ts to the devices, 
similar 
to Figure 
30a. 


5t 
bs and Ts can be noise sources. 
If long enough, they 


are transmission 
lines with the main line as the source 


and are subject to the same type of reflections. 


The signal lines should avoid long stubs and Ts. As long 
as the stubs are very short, a single line can be used with 


a single termination 
at the end, although 20 must then be 


derated to accou ntfor the distributed 
load. Given the ex- 


ample in Figure 30a, if the stubs are too long, the signal 
line could be made into two signal lines, as shown in Fig- 
ure 30b. Both are transmission 
lines and require termi- 


nating; 
however, 
this is preferable 
to terminating 
each 


long stub individually. 


~_D 
_ 


< 


0 
0 
0 
0 
0 
0 : 
0 
0 
0 
0 
0 
0 
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Figure 31. a) Capacitive Crosstalk; b) Equivalent Circuit; c) Solution 


3. 
~rosstalk 
The circuit representation in Figure 31 shows two signal 
Cros· talk is the unwanted coupling of signals between 
lines,calledthe noise source and the noise receiver. Be- 
trace . It is either capacitive or inductive. Crosstalk can 
cause of capacitance between the lines, noise on the 
be ha 


l 


ndled effectively by following a few simple rules. 
source can be coupled onto the receiving line. This oc- 
curs inthe form of current injected intothe receiving line. 


3.1~apacitive Crosstalk 
In a transmission line, the current sees Zo in both direc- 
Cap cilive crosstalk refers to the capacitive coupling of 
tions, and propagates both ways, until it can be dissi- 
sign Is between signal lines. It occurs when the lines 
pated acrossthe source and load.The voltage spike this 
::.~tseto each other for some distance. 
causes onthe line isdetermined by Zoo When the current 


~ 
High-Speed-Board 
Design Techniques 


pulse gets to Zs and ZL, it dissipates 
across these resis- 
tors IWith a voltage 
proportional 
to the impedance. 
If 
ther~ is an impedance 
mismatch 
at the source or load, 
refleptiOnS occur. 
In the case of an unterminated 
load, 


the ~oltage spike across ZL can be very large. Terminat- 
ing ~he load can significantly 
reduce the voltage 
noise 


seer 
at the input of the next device. 


Cap 
citive crosstalk 
can also be reduced by separating 


the 
races. The farther 
apart the signal traces 
are, the 


less the capacitance, 
and the smaller the crosstalk. 
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Space constraints 
on the board may put limits on how far 


apart the signal 
lines can be placed. 
An alternate 
ap- 


proach is to put a ground trace between 
adjacent-signal 


lines, as shown in Figure 32. The signal is now coupled 
to ground, 
not to the adjacent-signal 
line. 


Note that the ground trace must be a solid ground. 
If it is 


only connected 
to the ground 
plane at the trace ends, 


the trace 
has a relatively 
high impedance. 
For good 


grounding, 
the ground trace should be connected 
to the 


ground plane with taps separated 
a quarter wavelength 


(1J4) of the highest frequency 
component 
of the signal. 


$=~=l_o7~/Tap 
~ 
Ground 


~ 
Trace 
~ 0 


Figure 
32. Isolating 
Traces 
with 
a Ground 
Trace 


Th1 wavelength 
is the distance 
the signal travels 
in a 
sin~le period or: 


A = 
vel * 
Period 


=_1 
tpD 
*_1_ 


freq 


With digital 
signals, 
the highest 
significant 
frequency 


har~onic 
of interest 
is usually 
assumed 
to be 1httR. 


Co 
sider an example 
where 
tR = 1.25 ns (possible 
for 


PA 
16R8-4 devices). 
The upper-frequency 
component 
is: 


1 
ns * n 


255 
MHz 


T e distributed 
load delay for our example 
in section 2 
w s 4.14 ns/ft. 
A. is equal to the period divided 
by tPD. 


A 
=' 
1 
255 
MHz 
1 
4.14....rr" 


ft 


* 
12 
in 
ft 


A/4 = J.l..J 


4 


~ 
2.8 
in 


Fo 
maximum 
isolation, 
the ground 
trace 
must 
have 
ta 
s to the ground plane no more than 2.8 inches apart. 


3.2 Inductive Crosstalk 


Inductive crosstalk 
can be thought 
of as the coupling 
of 


signals between 
the primary 
and secondary 
coils of an 


unwanted 
transformer 
(Figure 
33). 
The 
transformer 


windings 
are the current loops on the board (or system). 


These can be either artificial loops inadvertently 
created 


by inefficient 
layout (Figure 34a) or natural loops result- 


ing from the combination 
of the signal path and the sig- 


nal 
return 
path 
(Figure 
34b). 
Artificial 
loops 
are 


sometimes 
hard to locate, 
but can 
be eliminated 
as 


shown in Figure 34c. 


The amount of unwanted 
signal coupled 
to the load de- 


pends on the proximity 
and size of the loops, as well as 
the impedance 
of the affected 
load. The amount 
of en- 


ergy transferred 
increases 
as the loops become 
larger 


and get closer together. 
The size of the signal 
seen at 
the load, on the secondary 
loop, increases 
with the load 


impedance. 


3.2.1 
Loop Size and Proximity 


The inductance 
of a loop (L) increases 
with loop size. 


When two loops interact, one will have a primary 
induc- 


tance (LP) and the other will have a secondary 
induc- 


tance (LS), as shown in Figure 33b. Because 
the signal 


lines are not purposely 
designed 
to be transformers, 
the 


coupling 
is loose; however, 
it can create interference 
on 
the secondary 
loop. 


~ 
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Figure 33. a) Inductive Crosstalk; b) Transformer Equivalent 
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If P01ions of the return paths of two signal lines coincide, 
the rElsulting loops might form an auto-transformer 
(Fig- 


ure 35 a and c). An example 
of this is the VME-back- 


plan~ 
exarnple 
discussed 
above. 
Ensuring 
that 
each 


sign~1 has its own return path can eliminate 
this source 


of cr9sstalk. 


3.2.2 
Load Impedance 


If inductive crosstalk 
comes about due to artificial loops, 
the ~Iution 
is to open the loops. Unfortunately, 
locating 


the 190ps can often 
be a challenge. 
If the crosstalk 
is 


generated 
by natural 
signal/return-signal 
loops, then 


clearly the loop cannot broken. 
But by keeping the load 


impedance 
low, the effect of the crosstalk 
can be mini- 


mized. 
Figure 36 shows 
a simplified 
schematic 
repre- 


sentation of a secondary 
"natural" loop with a load. Here 


Zs is the intrinsic impedance 
of the secondary 
loop. Note 


the series current 
(is). Because 
the impedances 
are in 


series, is is the same everywhere 
in the loop. With a con- 


stant is, the voltage drop is largest across the largest im- 
pedance. 
On an unterminated 
line, this usually 
is the 


load at the end of the line; i.e., at the input of the receiv- 
ing device. 


J'---- 
AM_D_~ 


Zs 
[? 


Signal Line 
f 
RIN = 10 kQ 10 100 kQ 
or greater 
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Figure 36. Series Inductive 
Loop 


Large 
noise signals 
are most unwanted 
at the inputs, 
where noise signals should be minimal. 
If the maximum 


sig lal is developed 
across the largest 
impedance, 
the 


sig 
al developed 
at the input can be reduced 
by termi- 
nati 
g the signal line at the receiver end, which reduces 


RIN 0 RT. 


RT~' usually 
in the 30 nto 150 n range. This reduction 


in 
IN is at least two orders 
of magnitude. 
The voltage 


dro 
across 
RIN is reduced 
accordingly. 
The exact drop 


is difficult to predict because 
it depends 
on the value of 


Zs , which 
is difficult 
to determine. 
But reducing 
RIN by 


ord 
rs of magnitude 
should have a significant 
effect. 


3.3 Crosstalk Solutions Summary 


The following 
steps summarize 
the ways in which the ef- 
fect 
of crosstalk 
can be minimized. 


1. Jhe effect of both capacitive 
and inductive crosstalk 


ircreases 
with load impedance. 
Thus all lines sus- 
f 


Ptible 
to interference 
due to crosstalk 
should 
be 
t rminated 
at the line impedance. 
2. 
eeping the signal lines separated 
reduces the en- 
~rgy that can be capacitively 
coupled between signal 


lines. 
3. 
Capacitive 
coupling 
can be reduced 
by separating 


t~e signal lines by a ground line. To be effective, the 
wound 
trace 
should 
be connected 
to the ground 


plane every A/4 inches. 
4. 
~or inductive 
crosstalk, 
the loop size should be re- 


~ 


uced as much as possible. 
Where possible, 
loops 
hould be eliminated. 


5. 
or inductive crosstalk, 
avoid situations where signal 


r~urn 
lines share a common 
path. 


4. 
LECTRO-MAGNETIC 
INTERFERENCE 


EMI) 


EMI is becoming 
more critical with speed. 
High-speed 


devi~ces are naturally 
more susceptible 
to interference. 


The 
accept fast glitches, 
which slower devices 
ignore. 
Eve 
if the board or system is not susceptible, 
the FCC 


in the 
United 
States, 
along 
with 
VDE 
and CCITT 
in 


Eur~pe, places severe limitations 
on the high-frequency 


nois~ (both radiated 
and line noise) that the board can 


generate. 


The designer 
can reduce 
EMI through 
shielding, 
filter- 


ing, 
eliminating 
current 
loops, 
and 
reducing 
device 
speed where possible. 
Although 
shielding is outside the 
sco~e of this article, 
all the other issues are discussed 


aSf~lIows. 


4.1 Loops 


Current 
loops are an unavoidable 
part of every design. 


They act as antennae. 
Minimizingthe 
effects of loops on 


EMI means minimizing 
the number of loops and the an- 


tenna 
efficiency 
of the 
loops. 
Do not create 
artificial 


loops; and keep the natural loops as small as possible. 


1. Avoid artificial loops by ensuring that each signal line 


has only one path between 
any two points. 


2. 
Use 
power 
planes 
whenever 
possible. 
Ground 


planes 
automatically 
result 
in the smallest 
natural 


current loop. When using ground planes, ensure that 
the signal-return 
line path is not blocked. 


If power buses are necessary, 
have the fast-signal 


lines run either over or next to a power bus. 


4.2 Filtering 


Filtering is standard 
for power lines. It can also be used 


on signal lines, but is recommended 
only as a last resort, 


when 
the 
source 
of 
the 
signal 
noise 
cannot 
be 


eliminated .. 


Three options 
are available 
for filtering: 
bypass capaci- 


tors, EMI filters, 
and ferrite 
beads. 
Bypass 
capacitors 


are discussed 
in section 
1. EMI filters are commercially 


available 
filters; 
they 
are 
available 
over 
a wide 
fre- 


quency 
range. 
Ferrite 
beads 
are ferrite 
ceramics 
that 


add inductance 
to any wire within their proximity. 
They 


are used as high-frequency 
suppressors. 


4.2.1 
EMI Filters 


EMI filters are commercially 
manufactured 
devices 
de- 


signed 
to attenuate 
high-frequency 
noise. 
They 
are 


used primarily to filter out noise in power lines. They act 
to isolate the power outside 
the system 
(referred 
to as 


the line) from the power inside the system (referred to as 
the load). 
Their 
effect 
is bi-directional: 
they 
filter 
out 


noise going into, and coming out of, the device or board. 


EMI filters consist of combinations 
of inductors 
and ca- 


pacitors.ln 
general, the configuration 
to use depends 
on 


the impedance 
of the nodes to be connected. 
A capaci- 


tor should be connected 
to a high-impedance 
node; an 


inductor should be connected 
to a low-impedance 
node. 


EMI filters 
are available 
in variations 
of the following 


configurations: 
feedthrough 
capacitor, 
L-Circuit, 
PI-Cir- 


cuit, and T-Circuit. 


• 
The feedthrough 
capacitor's 
only component 
is a ca- 


pacitor (Figure 37a). It is a good choice when the im- 
pedances 
connected 
to the filter are high. Note that it 


provides 
no 
high-frequency 
current 
isolation 
be- 


tween nodes. 


• 
The L-Circuit has an inductoronone 
sideof 
a capaci- 


tance (Figure 37b). It works best when the line and 
load have a large difference 
in impedance. 
The in- 


ductive 
element 
is 
connected 
to 
the 
lowest 
impedance. 
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• 
The PI-Circuit 
has an inductor surrounded 
by two ca- 


pacitors 
(Figure 37c). PI filters are best when the line 


and load impedances 
are high and when high levels 


bf attenuation 
are needed. 


I 


• 
The T-filter has inductors on either side of the capaci- 
or in a T fashion 
(Figure 
37d). 
It is a good choice 


hen both line and load impedances 
are low. 


LC 
ilters are rated according 
to insertion 
loss, which is 


the 
mount of signal lost due to the insertion of the filter. 


Ins 
rtion loss is usually stated in decibels. 
Filter manu- 


facturers 
provide 
graphs 
of their filters over prescribed 


frequency 
ranges. 


4.2.2 
Ferrite Noise Suppressors 


Ferrite noise suppressors 
are ferrite ceramics 
placed in 


proximity 
to the conducting 
material. 
They are available 


as beads for single wires and clamps 
for cables. 
When 


using beads, 
the wire 
is placed 
through 
a hole in the 


bead (Figure 38a). When using clamps, the ferrite mate- 
rial is clamped 
around 
the cable (Figure 
38b). Clamps 


are popular with ribbon cable. 


O~----~OI 


o~--~'llmJ'~----'O 
I 
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Figure 38. a) Ferrite 
Bead; b) Ferrite Clamp 


High-Speed-Board 
Design Techniques 


Fe 
ite suppressors 
work by adding inductance 
in series 


wit 
the line (Figure 
39). Ferrite 
manufactures 
supply 


gr phs similar 
to those 
in Figure 40, which 
shows the 


ad 
ed impedance 
as a function 
of frequency. 
The sys- 


te 
designer 
must determine 
the insertion loss. The for- 


m la is: 


where Zs = Source 
Impedance 


ZL = Load Impedance 
ZF = Ferrite Impedance 


1000 


9: 100 
Q)u 
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Fe rite suppressors 
add inductance 
to the line without 
adfing 
DC resistance. 
This makes an ideal choice for 


lin -noise suppressors 
on the Vcc pins of devices. 


Be ause ferrite 
beads 
are small 
and easy to handle, 
th~y can sometimes 
be used in signal lines to suppress 


high-frequency 
noise signals. This is not recommended 


fo;ltwo 
reasons: 
first, it masks the cause of most prob- 


lenb~S;second 
because 
it might affect the edge rates of 


th 
signal. However, 
when the board is already laid out, 
fer ite beads can be used on noisy signal lines as a last 
resort. 


4. 
Device Speed 


Th 
less energy a device generates 
in a given frequency 


ra ge, the 
less noise 
can be radiated 
in that 
range. 


Faster 
devices, 
by definition, 
have 
shorter 
transition 


times. Because 
shorter transition 
times have more en- 


ergy in the 
high-frequency 
range, 
faster 
devices 
can 


generate 
more high-frequency 
noise. 


Figure 
41a is an outline 
of the Fourier 
transform 
of a 


square wave (Figure 41 b). There are two corners 
of in- 


terest: 1hrtL(this frequency 
is determined 
by the period 


of the signal) and 1/7ttf (determined 
by the transition 
time 


of the signal; this is also the frequency 
we used in deter- 


mining the wavelength 
in the discussion 
on capacitive 


coupling). 
After 
1/7ttf, the curve drops off very rapidly. 


For practical 
purposes, 
1/ntf 
is the highest 
significant 


frequency 
component 
of the signal. 


1 
1ttL 


1 
1 
: 1ttR or 1ttF 


b) 
16356A-041 
A 
Figure 
41. a) Single 
Pulse; 
b) Fourier 
Transform 
of Pulse 


For 
xample, the PAL 16R8-4 series has a typicaltransi- 


tion 
ime of 2 ns. It can be as short as 1.25 ns. The fre- 


que 
cy component 
of the edge is: 


1 


1.25 
ns 


254 
MHz 


The output 
signal 
has a high-frequency 
component 
of 


254 MHz, regardless 
of the clock frequency. 


Bec 
use of the high-frequency 
component, 
the board 


mig 
t require extra filtering and possibly 
shielding 
in or- 


der 
0 comply 
with EMI emissions 
restrictions 
required 


by r gulatory 
agencies. 


If th 
system 
speed requirements 
are high enough 
(for 


exa 
pie, clock 
rates over 80 MHz), 
devices 
this fast 


mu t be used, and the extra effort required to meet com- 
plia 
ce is justified. 
However, 
if a slower device can meet 


syst 
m requirements, 
it should be used. By virtue of the 


Ion er transition 
time, the slower device generates 
less 


ene gy at the higher frequencies. 
In general, 
try to use 


devices that are fast enough to meet the system require- 
me ts, but no faster. 


SU 
MARY 


Whi e faster technologies 
provide the theoretical 
possi- 


bilit 
of faster systems, 
extra care must be taken to turn 


this possibility 
into reality. 
The 
largest 
noise 
compo- 


nents can be eliminated 
by addressing 
the following: 


• 
integrity 
and stability 
of power and ground; 


• 
termination 
and careful 
layout of transmission 
lines 


to eliminate 
reflections; 


• 
termination 
and careful 
layout to reduce the effects 


of capacitive 
and inductive 
crosstalk; 


• 
noise 
suppression 
for 
compliance 
with 
radiation 


regulations. 


There are many other second-order 
issues that could be 


addressed, 
but that are beyond the scope of the applica- 


tion note. Some 
references 
for additional 
information 


are listed below. 


1. Sherman 
Lee, 
Mark 
McClain, 
Dave 
Stoenner. 


"Am29000 
32-Bit Streamlined 
Instruction 
Processor 


Memory 
Design 
Handbook," 
Advanced 
Micro 
De- 


vices Inc., Sunnyvale, 
CA, Appendix 
A, Memory 
Ar- 


ray Loading Calculations. 


2. 
William 
R. Blood 
Jr. "ECL 
Systems 
Design 
Hand- 


book," 
Motorola 
Semiconductor 
Products 
Inc., 


Mesa, AZ, May, 1983 (Fourth 
Edition) 
Chapters 
3 


and 7. 


3. 
Ramo, 
Whinnery, 
and 
Van 
Duzer, 
"Fields 
and 


Waves in Communications 
Electronics," 
John Whil- 
ley & Sons, 1965, Chapter 
1. 


inimizing Power Consumption 
ith Zero-Power PLDs 


A .plication Note 


by 
hawn D. Worsel/, Senior Applications Engineer 


Ze o-Power 
Programmable 
Logic Devices 
(PLDs) are 


advanced 
PAL devices 
designed 
with ultra low-power, 
high-speed, 
electrically-erasable 
CMOS 
technology. 
ZP~L TM devices 
provide 
zero-standby 
power 
and high 


sp 
ed for a variety of applications. 
At 15 ~ 
maximum 


sta dby current, Zero-Power 
devices allow battery pow- 


eri 
operation 
for an extended 
period 
of time. 
Zero- 


Po 
er CMOS 
devices 
can significantly 
reduce system 


po 
erconsumption 
by replacing 
equivalent 
CMOS and 
n devices. 


ZP 
L devices 
are available 
in the following 
configura- 


tior: 
the industry-standard 
20-pin PALCE16V8Z 
family 
an 
the AMD-patented 
24-pin PALCE22V1 OZ family. 


Th 
PALCE16V8Z 
family is fu nctionally compatible 
with 


all 
MOS half- and quarter-power 
PALCE16V8 
devices 


an 
will 
directly 
replace 
the 
bipolar 
PAL16R8 
and 


~~Al~~~~.series 
devices 
with 
the 
exception 
of the 


T~l 
PALCE22V10Z 
family 
is functionally 
compatible 


wit 
all 24-pin 22V1 0 devices, 
and it provides 
user-pro- 


gr 
mmable 
logic for replacing 
conventional 
low-power 


C 
OS SSI/MSI 
gates and flip-flops 
at a reduced 
chip 


co~t. 
P 
TENTIAL APPLICATIONS 


ZP 
L devices 
may be used in any application 
where a 


sta 
dard 22V1 0 or 16V8 device would be used. Designs 


th~ 
are currently 
in a 20V8 will also fit in the 24-pin 


22 
10 device. 
In addition, 
they 
are ideal for low-fre- 


qu 
ncy or low-duty-cycle 
environments 
such 
as line 


ca* 
and peripheral 
applications, 
where low power con- 


su 
ption is a priority. 
Laptop computers 
and other bat- 


te 
-operated 
or 
backed-up 
equipment, 
such 
as 


hatd-held 
meters 
and portable 
communication 
units, 
wo 
Id benefit from the Zero-Power 
devices. 


Th 
PALCE16V8Z 
and PALCE22V10Z 
feature 
a zero- 


sta 
dby power 
mode. When none of the inputs switch 


for an extended 
period, the device will go into standby 


mo 
e, shutting down most of its internal circuitry, 
caus- 


ing the 
current 
consumption 
to drop 
to almost 
zero 


(1 
~). 
The outputs will maintain the states held before 


the device went into the standby 
mode. When any input 


sw ches, 
the 
internal 
circuitry 
is fully 
enabled, 
and 


po 
er consumption 
returns to normal. 


Si 
e all of the features 
which cause the device to be a 


Ze o-Power 
PLD 
are 
internal, 
the 
16V8Z 
and 
the 


22 
10Z 
PAL devices 
are pin-for-pin 
and JEDEC-file 


co 
patible with existing 
devices 
of the same families. 
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HINTS ON MINIMIZING POWER 
CONSUMPTION 


The quintessential 
feature of the ZPAL device's 
current 


reducing 
operation 
is the "sleep mode." 
When the de- 


vice is inactive for a period of time, certain portions olthe 
PLD can be disabled 
or "put to sleep" by the presence 
of 


input transition 
detection 
circuitry. 
Any switching 
delays 


of about 50 nanoseconds 
or more, for the entire device, 


will place the PLD in sleep mode. This means that none 
of the inputs, 
including 
the clock, 
can be switching 
in 


order 
to utilize 
the .significant 
power 
saving 
features. 


Therefore, 
during 
the design 
phase, 
special 
attention 


must be given to every signal that is being transferred 
to 


the device, 
so that the sleep mode feature 
may be en- 


gaged as much as possible. 
Refer to Figure 1 for ZPAL 


device features. 


Macrocells, 


Output 
Buffers 


~AMD 


As 
Jeep mode is asserted, 
all outputs 
will latch to the 


stat 
they 
were 
in when 
the 
last input transition 
oc- 
cur 
d. This state will be held as long as the device 
is 


asl 
ep. 


Wh 
n an input does experience 
a transition, 
the device 


will 'wake up." The wake-up 
delay associated 
with the 


initi 
I transition 
is included 
in the determined 
propaga- 


tion delay of the device. 
Therefore, 
there are no extra 


sys em delays to consider 
when the device utilizes the 


sta 
dby feature, since it quickly returns to full operation. 


Ho 
ever, if a designer 
is more interested 
in high speed, 


sue 
as a burst mode application, 
a typical propagation 


del 
ywould 
be closer to 5 nanoseconds 
faster while the 


devce 
is awake. 


The inputs and I/O pins are monitored 
by an input transi- 


tion 
etection circuit. Any transition 
on any pin, including 


noi e spikes, will disengage 
the sleep mode. Thus, dur- 


ing 
he design 
phase, 
care should 
be taken to ensure 


that aI/circuitry 
associated 
with the Zero-Power 
device 


is a 
quiet as possible. 


Eff cts of Frequency 
The sleep mode benefits 
are best realized 
in combin- 


ato 
al applications 
since 
sequential 
functions 
will be 


po 
ered-up with every edge of the clock. However, 
sig- 


nifi ant power 
savings 
can still be realized 
when the 


cloa~kis stopped 
or operating 
at a modest 
rate. For in- 


sta ce, when used in an application 
with a 5-MHz clock 
(20 
-ns period), 
the power 
consumption 
of the ZPAL 


dev ce will be reduced 
by 50% from the consumption 
at 


the 
aximum frequency. 


The designer 
must also be careful when considering 
the 


true operating 
frequency. 
If the fastest 
input is 1 MHz, 
but 
here are two inputs 90 degrees 
out of phase, even 


tho 
gh atransition 
occurs on each input every half-cycle 


(50 
I ns), there is a transition 
on some input every quar- 


ter~Cle 
(250 ns). Thus, the effective 
frequency 
is dou- 


ble 
,and 
the 2-MHz 
point should be used to calculate 


the 
wer consumption. 
This is not as important 
when 


the 
ignal in question 
is greater than 10 MHz, since with 


a 5 % duty cycle the part would never enter sleep mode. 


Anotherway 
of realizing power savings is by decreasing 


the 
uty cycle of the clock and input signals. 
Dynamic 


Icc i 
a function of duty cycle and frequency. 
The two are 


mut 
ally exclusive. 
As previously 
mentioned, 
at a fre- 


que 
cyof 
10 MHz with a 50% duty cycle, the part would 


alw 
ys be powered 
up. However, 
if the duty cycle was 


dec eased 
to 20%, 
a 10-MHz 
signal would 
cause the 
part to 
shut 
down 
for 
30 
nanoseconds 
(80-50 
ns), 


th~bY 
reducing 
the Dynamic 
Icc of the device. 


Ref 
rring to the typicallcc 
versus Frequency 
Graphs of 


the 
orresponding 
data sheets, will clearly 
indicate the 


po 
er savings 
that may be realized 
by optimizing 
the 


ZP 
L device's 
operating 
frequency. 


Effects of Product Terms 
To further reduce power consumption, 
unused 
prodUct 


terms 
are permanently 
disabled 
during 
programming. 


Each product 
term has a Sense Amp OIf (SAOFF) 
bit, 


which 
will 
be 
programmed 
when 
the 
corresponding 


product term is unused, 
thereby 
shutting 
off the sense 


amp to save power. Note that the SAOFF bit is automati- 
cally configured 
and has no effect on the JEDEC file, so 


the designer 
does 
not even 
have to think 
about 
it. A 


typical 
power savings of approximately 
300 ~ 
per un- 


used product term will be achieved. 
Thus, a logic design 


that utilizes 
a minimum 
number 
of product 
terms 
will 


result in the maximum 
amount 
of power savings. 


Inverting simplified 
logic by using DeMorgan's 
theorem 


and changing 
the output polarity 
is one way that a de- 


signer 
may easily 
reduce 
product 
term 
requirements. 


For example, 
in the equation 


Z=X+y 


the "OR" function 
denoted 
by the "+" sign, requires two 


product terms, one for each variable. 
However, 
if both 


sides of the equation 
are inverted to become 


fZ=/(x+Y) 


using DeMorgan's 
theorem 
yields 


/(X+Y)=/X*/Y 


Here the "AND" function 
denoted 
by the "*,, sign does 


not use the second product term, because 
one product 


term is shared by both variables. 
The resultant equation 


is now 


fZ=/X*/y 


and by switching 
the output polarity, 
the logic behaves 


the same way as it was originally 
intended 
as well as 


reducing 
a product term requirement. 


The choice of output polarity itself does not save power, 
but if chosen wisely, 
it may help to reduce product term 


usage. It should also be noted, however, 
that switching 


output 
polarity 
will also invert the Synchronous 
Preset 


(SP) and Asynchronous 
Reset 
(AR) functions 
at the 


output of the register of a 22V1 O. 


I/O Characteristics 
The output stage of the Zero-Power 
PAL devices 
con- 
sist of a P-channel 
pull-up transistor 
and an N-channel 


pull-down 
transistor, 
a true CMOS 
output 
with rail-to- 


rail switching. 
A P-channel 
pull-up 
is better 
for 
low- 


power applications 
than an N-channel 
transistor, 
since 


P-channel 
outputs 
can be driven 
up to the Vcc level. 


This ensures 
that the following 
input buffer 
draws 
no 


current. 
The same 
amount 
of current 
is available 
for 


both 
high and 
low outputs 
with 
a P-channel 
pUll-Up, 


unlike the unequal, 
although 
slightly 
faster 
N-channel 


transistor 
used in other PLD products. 


The 
e devices 
are capable 
of driving 
and being driven 


by ether 
TTL or CMOS 
devices. 
They are compatible 


with both HC and HCT standard 
specifications 
as illus- 


trate1d in Table 1. 


Table 
1 


Pa ameter 
HC 
HCT 
ZPAL 


VIH 
3.15 V 
2.0 V 
2.0 V 


VIL 
0.9V 
0.8 V 
0.9 V 


VOl @6mA 
0.33 V 
0.33 V 
0.33 V 


VOl @ 20 1lA 
0.1 V 
0.1 V 
0.1 V 


VOl @6mA 
3.84 V 
3.84 V 
3.84 V 


VOl @ 20 1lA 
Vcc -0.1 
V 
Vcc-0.1V 
Vcc-0.1 
V 


One minor disadvantage 
of true CMOS 
outputs 
is the 
. 
. 
. 
Intr~slc 
SCR 
Circuit that 
IS developed 
In the CMOS 


stru ture and cannot be eliminated. 
The SCR has been 


ma 
e as difficult 
as possible 
to turn on by using guard 


ring~and 
carefully 
laying out all input and output circuits. 
An 
xcess current 
of 100 mA would be required 
on an 


indi 
idual pin to induce "latch-up". 
However, 
there is a 


pot 
ntial to latch-up 
a ZPAL device through 
hot-socket 


inse 
ion. If there is a possibility 
of the device or board 


beinF instantly powered-up, 
design care must be taken. 


Efficts 
of Reducing I/O Switching 


Sin 
e each input will draw up to a maximum 
of 5 mA 


eac 
time it switches, 
additional 
power savings are pos- 


sibl 
by reducing 
the number of inputs used. A CMOS 


tran 
istor pair only draws current when it is switching 
or 


floalJing in an intermediate 
region, 
so unused 
inputs 


sho 
Id be externally 
tied either HIGH or LOW. The num- 


ber 
f outputs 
switching 
will also affect the amount 
of 


curr 
nt 
consumption. 
Therefore, 
minimizing 
output 


swit 
hing will also help to reduce the amount of current 


req 
ired. 


The potential 
for ground 
bounce 
problems 
will also be 


red ced by limiting 
the number 
of outputs 
switching. 
Buil -in slew-rate-limiting 
circuits will help to slow down 


the 
ast CMOS 
falling 
edges that contribute 
to ground 


bource. 
A fall rate of 1.25 Vlns is typical 
of the faster 


N-c 
annel pull-down 
transistor, 
while a slower rise rate 


of 1 
Ins can be expected 
from the P-channel 
pull-up. If 


mosl of the outputs 
are required 
to switch 
simultane- 


AMD~ 


ously, it is important 
to ensure that the ground 
path on 


the circuit board has low inductance, 
and to reduce the 


loading 
on 
the 
outputs. 
The 
lower-lead-inductance 


PLCC package will also reduce the possibility 
of ground 


bounce 
since the bonding 
wires 
are 1/4 the length of 


a DIP's bond wires. 


Effects of Loading 
Power dissipation 
of the outputs 
is greatly 
affected 
by 


the load. To minimize 
power 
dissipation, 
ZPAL device 


loads should have no DC components. 
If termination 
is 
required, 
an AC terminator 
like the 
one 
in Figure 
2 


should be used to eliminate 
DC power drain. 


The capacitance 
should 
generally 
be kept as low as 


possible since the output stage will go through a process 
of constantly 
charging 
and discharging 
the capacitor. 


The formula for current consumption 
due to loading 
is 
i = CI.Vsfo 


where i is the current, 
CL is the capacitive 
load, Vs is the 


voltage swing, and fo is the frequency 
at which the out- 


put is switching. 
Therefore, 
current 
is consumed 
every 


high transition 
since the capacitor 
has to recharge. 


SUMMARY 
ZPAL 
devices 
provide 
zero-standby 
power 
and 
high 


speed for a variety of applications. 
Zero-Power 
CMOS 


devices 
can significantly 
reduce 
system 
power 
con- 


sumption 
by replacing 
equivalent 
CMOS 
and TIL 
de- 


vices. Since all of the features which cause the device to 
be a Zero-Power 
PLD are internal, 
the 16V8Z and the 


22V10Z 
PAL devices 
may be used in any application 


where a standard 
22V1 0 or 16V8 device would be used. 


With a little extra attention 
given to the particular 
design 


involving a Zero-Power 
PAL device, a designer 
can real- 


ize significant 
system 
power savings. 
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o signing with the PALCE16V8HD 


Th 
PALCE16V8HD 
is a High Drive PLD that combines 


the popular 
PALCE16V8 
architecture 
with 64-mA cur- 


ren 
drivers. 
It has application 
anywhere 
a reasonably 


complicated 
function 
must control a high-current 
signal 


line 
Examples 
of this are control signals for buses such 


as t e VME bus, combination 
decoder 
and LED driver, 
3 V ranslator, 
and control 
lines for memory. 


Pre iously, 
this problem 
was solved 
by using 
a pro- 


gra 
mabie device, such as a PAL device, followed by a 


hig current driver. The drawback 
to this solution is that it 


req 
ires two devices 
to perform the functionality 
of one 


device. 
The extra device 
increases 
part count 
and in- 


creases 
total propagation 
delay. 


The PALCE16V8HD 
is an ideal replacement 
for the pair 


of devices. 
First, it combines 
the full functionality 
of a 


PAL device and 64-mA current 
sink capability 
into one 


device. 
Second, 
it provides 
input latches to store infor- 


mation. Third, it provides 
the choice of either totem-pole 


or open-drain 
output drivers. Finally, it has a minimum of 


200-mV 
hysteresis 
on 
all input 
and 
I/O pins 
for 
in- 


creased 
noise 
immunity. 
The 
macrocell 
is shown 
in 


Figure 1. 


OE 
Vcc 


From 
Adjacent 
Pin 


'In 
acroceJls MCo and MC? 


SG 
is replaced by SGOon the feedback multiplexer. 


The rurpose 
of this application 
note is to guide the engi- 


neer 
in using 
the 
PALCE16V8HD 
high drive-current 


PAL device. 
What follows 
is a discussion 
of its features 


andJints 
on how to maximize 
their benefits. 


Inp t Latches 


All i puts to the device 
(including 
I/O pins) can be pro- 


gra 
med as a transparent 
latch. The latch enable (LE) 


sign 
I is pin 4 (pin 5for PLCC). The latches aretranspar- 


ent 
hen LE is HIGH and latched when LE is LOW. 


Inpu latches provide a convenient 
way to speed up data 


tran.~fer while providing 
storage 
at the same time. With 


latc~es, 
the 
new 
data 
is available 
instantaneously, 
while with registers, 
the data is not available 
until the 


nextlcloCk edge. The input-latch 
setup time is also short 


because the product-term 
array is bypassed. 
The regis- 


ter_s1etuptime is 10 ns, while the latch-setup 
time is only 


4 ns This last feature 
makes it possible 
to capture 
sig- 
nals which tend to occur late in the clock cycle. 


The 
ALCE16V8HD 
is designed 
so that the transparent 


'Iatc 
does not add extra delay to the signal. This makes 


the 
ALCE16V8HD 
faster 
than the usual 
PAL device 


and Input latch combination. 


Register Configurations 


The output registers can be configured 
as either Ootype 


or lftype 
flip-flops. 
The 
D-type 
register'S 
Q output 
is 
equal to the 0 input at the rising edge of the clock. The 
T-ty~e registers output toggles when the corresponding 
T input is HIGH and maintains the cu rrent state when the 
T i~1ut is LOW. The T-type 
register's 
action is also de- 


ter 
ined at the rising edge of the clock signal. 


The D-type register has the advantage 
of simplicity. 
It is 


strai@ht forward 
and the easiest 
to determine 
the de- 
sireQ results. 


In many applications, 
such as counters, 
the T-type flip- 
flop requires 
fewer 
product 
terms. 
If the application 
is 
large enough, 
this can mean the difference 
between fit- 
ting or not fitting on the part. 


T-type 
flip-flops 
tend to reduce the number 
of product 


terrTJsrequired in sequential 
applications 
such as count- 
ers~nd 
state-machines. 
They are not optimal for all ap- 
plic 
tions. For example, 
to load data takes two product 


ter 
s with a T-type flip-flop 
and only one product 
term 


with a Ootype flip-flop. 
Because the PALCE16V8HD 
can 


be cpnfigured 
as either type, it has a wider range of ap- 


plic 
tion than either one alone. 


NotE(that because 
there is no global initialization 
func- 


tion, designers 
should be sure that T-type flip-flops 
have 


a direct way of being initialized. 
This can most easily be 


done by ensuring 
that there is at least one LOAD prod- 
uct ~erm. A LOAD product 
term is one that can be acti- 


vatE1dwith no other product term active, and which will 
hav 
the flip-flop toggle only if the flip-flop state is pres- 


ently in the state opposite 
the desired 
initialized 
state. 


An example 
is shown below. 


;application 
;equations 


+ /A*/B*/OUTl* 


/OUT2 


+ 
INIT 
LOW*OUTl 
;toggles 
to 


;LOW 
if 
HIGH 
;toggles 
to 


;HIGH 
if 
LOW 


Output Driver Configurations 


The output macrocells 
can be independently 
configured 


as either totem-pole 
outputs 
or open-drain 
outputs. 
In 


the totem-pole 
configuration 
the driver has an n-channel 


pull-down 
transistor 
and an n-channel 
pull-up transistor. 


The output-LOW 
voltage 
is typically 
0.3 V and the out- 


put-HIGH 
voltage 
is typically 
3.5 V. In the open-drain 


configuration, 
the n-channel 
pull-up 
transistor 
off. The 


output-LOW 
voltage 
is the same 
as in the totem-pole 


configuration. 
The output-HIGH 
voltage 
is determined 


by the termination 
voltage 
and the 
load 
on the 
sig- 


nalline. 


Totem-Pole 
Output 
Configuration 


The totem-pole 
output driver conforms 
to TTL specifica- 


tions. 
Because 
the pull-up 
transistor 
is n-channel, 
the 


output-HIGH 
voltage 
is 1 to 1.5 volts below Vcc. even 


under zero-load 
conditions. 
If rail-to-rail 
swings 
are re- 


quired, VOHcan be raised by terminating 
the output with 


a resistor to Vcc. 


Open-Drain 
Outputs 


The open-drain 
configuration 
has two types of applica- 


tions. 
The first is as a switch to apply power to devices 


such as a small lamp or even a small motor. The second 
is as an active-LOW 
signal source on a signal line with 


multiple 
asynchronous 
drivers. 
Because 
the 
pull-up 


transistor 
is always off, the risk of device damage 
due to 
contention 
is eliminated. 
If the output structure 
were to- 


tem-pole 
only, the state of the output would 
have to be 


set internally and then the output would be enabled. The 
open-drain 
structure 
eliminates 
this extra complexity. 


An example 
of asynchronous 
signals on one line is the 


bus request for VME buses. For open-drain 
outputs, the 


request 
line simply goes LOW. Simultaneous 
requests 


must be handled by an arbiter, but there is no risk of cir- 
cuit damage 
due to bus contention. 


Output Terminations 


The anticipated 
applications 
for the PALCE16V8HD 
in- 


clude relatively 
long signal-line 
lengths. 
At the rise and 


fall times of this device 
(2 to 3 ns), the signal 
lines re- 


semble transmission 
lines. The transmission 
line's pro- 


pensity 
for reflections 
requires 
the use of terminating 


techniques. 
It is beyond the scope of this article to pre- 


;r1 AMD 


sent a detailed 
discussion 
of transmission 
lines, but we 


will discuss 
some of the more popular termination 
tech- 
niques that lend themselves 
well to high-drive 
devices. 


Th~lse interested 
in studying 
transmission 
lines in more 


det 
il are encouraged 
to check out the references 
at the 


en 
of this application 
note. 


Te 
Inatlng 
Totem-Pole 
Outputs 


Th 
most effective 
termination 
is a resistor 
at the load 


en 
of the signal line that is equal to the line impedance 


(Figure 2a). Because the input impedance 
of all PLDs is 


greater than 10 kil, 
this is effectively 
an exact match. 


Because parallel termination 
increases 
the DC load, the 


output will be degraded 
for both VOH and VOL. The IN 


curves for the device (Figure 3) can be used with a load 
line 
to 
determine 
the 
degraded 
output 
levels. 
The 


dashed 
lines 
indicate 
simple 
termination 
to 
Vcc 
or 


ground. 


RTh = Rl II R2 


VTh=VCC~ 
Rl+ R2 


16677A-2 
Figure 
2. Termination 
Alternatives: 
a) Parallel; 
b) Active; 
c) Th6venln; 
d) AC; e) Multiple 
Drivers 
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If ~he degraded 
output 
is outside 
acceptable 
limits, the 


~ 


minating 
resistor 
can be referenced 
to a separate 


er source 
(Figure 2b). The reference 
voltage 
is se- 
Ie ,ted so that output drive currents 
for both HIGH and 


L 
W levels are within 
the operating 
ranges of the de- 
vi e. The solid load lines in Figure 3 show the output 
d~radation 
when 
RT is referenced 
to 3.0 V. Note that 


the voltage 
source 
must also be chosen 
to be able to 


change between 
sourcing and sinking current at the fast 


s 
itching speeds of the PALCE16V8HD. 


It 
reference 
power supply is not a viable option, it may 


bel replaced 
with 
its Thevenin 
equivalent 
(Figure 
2c). 
T~e resistors 
are chosen 
so that the parallel 
combina- 
ti0r 
of Rl 
and R2 is equal to RT and Vo is equal VREF 
w~en 
the 
line 
is open. 
The 
loading 
effect 
of a 3-V 


Thevenin 
equivalent 
bias is also indicated 
by the solid 


Io~d lines in Figure 3. 


A~ther 
option 
is to place a capacitor 
in series with RT 
(F~' ure 2d). Because the capacitor 
is a DC open, the ter- 
mi ation presents 
a load equal to Zo at the edges of the 


si nal, where termination 
is needed. At other times the 


terination 
presents 
a negligible 
load. 


It rrultiple 
drivers are used on the same signal line, both 
ends of the line should be terminated 
as in Figure 2e. AI- 
th lugh the AC load is RT, the DC load is the parallel 
co 
bination 
of the loads at both ends of the line. This 


eff ctively 
doubles 
the DC load. This should be taken 


int 
consideration 
when selecting 
Rl and R2. 


Another technique 
that reduces DC loading is series ter- 


mination. 
Here a resistor 
is placed 
in series 
with the 


driver and the signal line (Figure 4). RT is chosen so that 
it increase 
the value of the output impedance 
to match 


ZooThe advantage 
of this technique 
is that it does not 


add any load to the output driver. The disadvantage 
is 


that 
the 
device 
has different 
output 
impedances 
for 


HIGH and LOW output; therefore 
it is impossible 
to ex- 


actly match the device to the signal line for both HIGH 
and LOW transitions. 


The output impedances 
are shown in Figure 5. Note that 


the output 
impedance 
is 2.5 Q for a LOW output 
and 


50 Q for a HIGH output. When using series termination, 
a compromise 
value 
is required 
for RT. The value de- 


pends on the Zo and the amount 
of ringing the system 


can tolerate. 
Because there will always be some ringing, 


this configuration 
should be avoided for noise-sensitive 


signals. 
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Tefinating 
Open-Drain 
Outputs 


Th 
open-drain 
configuration 
is simply 
a single 
puli- 


do 
n transistor 
with the drain connected 
to the output. 


Th 
transistor 
turns on and off very fast. When the tran- 
sist 
r turns on, it provides 
a low impedance 
for the load 


caprcitance 
to discharge 
into. Therefore, 
the fall time (It) 
of tle 
output is short, in the range of 2 ns to 3 ns. When 


the 
ransistor 
turns off an extremely 
high impedance 
is 


pre 
ented to the load. The only discharge 
path is that 


pro~ided 
by the 
load 
and 
any 
external 
termination. 


Therefore, 
the rise time (tR) depends 
on the RC-time 


constant 
formed 
by the line capacitance 
and the termi- 


nating resistance. 


The recommended 
termination 
scheme is shown in Fig- 


ure 6a. The value of RT should be equal to the imped- 
ance of the line. This is different 
from the usual resistor 


pair termination 
because 
the terminator 
itself must pro- 


vide the logic HIGH level. RT is placed at the load end of 
the line. 


Figure 
6. Termination 
for Open-Collector 
Outputs: 


a) Single 
Driver; 
b) Multiple 
Drivers; 
c) Alternative 
If Load 
Exceeds 
IOL 


If m Itiple drivers are used, terminating 
resistors should 


be p 6aced at both ends of the signal line as in Figure 6b. 
The 
C load is the parallel combination 
of the loads at 


both ends of the signal line, effectively 
doubling the DC 
load. 


The pC current 
load can be reduced 
by connecting 
the 
term~nating 
resistors 
to a bias voltage that is less than 


Vcc rS in Figure 6c. Because 
the PAL device provides 
no pullup 
in the open-collector 
configuration, 
VSIASis 
VOH;ltherefore 
VSIASmust be high enough 
to ensure 
a 
valid logic HIGH to all the device 
inputs on the signal 
line. 


Hys~eresis 


Buses tend to operate 
in a noisy environment. 
Voltage 
spik~s from crosstalk 
can be expected 
on almost every 


signal 
line. 
In addition, 
series-terminated 
signals 
can 


hover at a mid-range 
until reflections 
cause them to set- 


tle to their final value. The mid-range 
is usually danger- 
ously close to the input thresholds 
of most devices. 


One technique 
that increases 
the devices 
tolerance 
to 


noise is hysteresis. 
Hysteresis 
moves the input thresh- 


old in the direction 
that requires 
a larger signal. 
For ex- 
ample, when the input signal crosses the threshold 
on a 


positive transition, 
the threshold 
moves lower (Figure 7). 


The input signal would have to move lower to cross the 
new threshold. 
Therefore, 
even a noisy signal will cause 


a single crossing 
per transition, 
not the multiple 
cross- 


ings that might occur without 
hysteresis. 


5-14~ 


i 


Single 
Threshold 
Crossing ~ 


Figure 7. Response to Noisy Inputs: 
a) Device with no Input Hysteresis; b) Device with Input Hysteresis 


ThtPALCE16V8HD 
comes with a minimum 
of 200 mV 


hy teresis. Therefore, 
if the noise occurs when the input 


sig 
allevel 
is at the exact middle of the threshold 
range, 
the device 
can tolerate 
200 mV peak-to-peak 
of noise 


bef 
re detecting 
multiple transitions. 


Gr und Bounce 


An issue that is associated 
with high-current 
CMOS 
is 


gro 
nd bounce. 
This phenomenon 
is usually 
first no- 


tic 
d as a pulse or ringing 
on a LOW output. 
If these 


pul es are large enough they can generate 
false clock- 


ing or false 
data. 
The design 
of the 
PALCE16V8HD 


tak 
s ground 
bounce 
into consideration 
so that 
it is 


mi imized. 


Th 
PALCE16V8HD 
has two features which make it re- 


sis ant to ground bounce: multiple ground pins and slew 
rat 
limiting. The multiple ground pins share the switch- 


ing current. 
Because 
there 
is less current 
in anyone 


ground 
pin, there 
is less energy 
available 
to generate 


ground 
bounce. 
Slew rate limiting 
reduces 
the current 


surge in the ground 
pin. Together 
these features 
keep 


ground bounce down to a tolerable 
level. 


The following 
table shows ground-bounce 
data meas- 


ured under worst-case 
conditions: 
all eight macrocells 
in 


the registered 
configuration 
and seven outputs 
switch- 


ing simultaneously. 
The measured 
pin is in the LOW 


state during the test. The test was performed 
with the 


following ACtest 
load: 80n 
to Vcc, 160 nto 
ground, and 


50 pF to ground. 


Note that the maximum 
transient 
VOL is 1.3 V, which 


shows 
that ground 
bounce 
on the 
PALCE16V8HD 
is 


equal to, or better than, ground 
bounce on devices with 


only 24-mA drive current capability. 


~ 
MD 
-I 
Ground Bounce Peak Voltage with 


Seven Outputs Switching 


LOWPin# 
Peak Voltage 


23 
1.2 V 


22 
1.1 V 
20 
1.0 V 


19 
1.1 V 


16 
1.2 V 


15 
1.3 V 


14 
1.3 V 


13 
1.2 V 


po,er 
Supply Considerations 


TherT are two special 
situations 
which should be con- 


sider 
d for devices 
used 
in bus 
applications: 
power 


dow 
with 
live signals 
and "hot-socketing." 
Disabling 


Vcc 
f certain 
sections 
of a system 
is a common 
tech- 
niqu 
for power conservation. 
The devices 
on the dis- 


able 
board shou Id be able to tolerate 
live signals on the 


input and I/O pins while power is down. "Hot-socketing," 
the t chnique 
of inserting 
or removing 
boards 
while 


pow~r is applied, 
is never recommended; 
however, 
al- 


most every system 
is subjected 
to it at one time or an- 
othe r The PALCE16V8HD 
can withstand 
the stresses 


brou~ht about by power shutdown 
and hot socketing. 


DUri~g power shutdown, 
Vcc is either open or shorted to 


ground. 
The 
PALCE16V8HD 
has 
n-channel 
pull-up 


transistors, 
which 
will 
not conduct 
or cause 
latchup 


when the output signal is higher than Vcc. 


Hot socketing 
has two manifestations 
that concern 
us 


here: signal and ground connected 
before Vcc, or signal 


and Vcc connected 
before ground. 
If ground and signal 


lines are connected 
to the device 
before Vcc is, the ef- 
fect on the device 
is similar 
to that 
presented 
by the 


power-down 
situation; the device inputs and outputs do 


not conduct 
current. 


When the ground pin is open with Vcc and the inputs or 
outputs connected, 
the pull-up transistors 
conduct. 
This 
is because 
a solid ground 
is necessary 
to establish 
the 


proper 
bias voltages 
to allow the output 
transistors 
to 
turn off. If ground is floating the output transistors 
are bi- 


ased on. 


Figure 8a shows the IN curves on an 1/0 pin with Vcc on 
and ground open. The driver starts to conduct at 4 V and 
crosses 
0 V at -110 
mA. It is interesting 
to note that 


there 
is also conduction 
at the input pins (Figure 
8b). 


The ESD structure 
is a totem-pole 
configuration 
resem- 


bling 
an output 
driver; 
therefore, 
the 
ESD-protection 


transistor 
also conducts 
when ground floats. 


If the ground 
is disconnected 
for only a second 
or two, 


the device will not be damaged. 
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SUMMARY 


The FALCE16V8HO 
incorporates 
a number of features 


whicp 
make it ideal for applications 
involving 
high-cur- 
rent signal lines such as bus control 
lines. 


• 
T ere are input latches 
on every input and I/O pin. 


T e latches 
allow the earlier capture 
of data, which 


e fectively 
shortens 
the cycle time in many applica- 
Ii ns. The use of the latch does not add any extra de- 
I y. Thus the PALCE16V8HO 
is faster than the PLO 


d vice and extemallatch 
combination. 


• 
'ij1e PALCE16V8HO 
macrocell 
can be programmed 


as either Ootype or Hype 
flip-flops. 
The Hype 
f1ip- 
f1pPScan reduce product-term 
usage in many appli- 
cfltions. 
Larger 
counters 
and 
state-machines 
can 


open be built with T-type flip-flops 
than with Ootype 


flip-flops. 


• 
The output drivers generate fast signals (2-ns to 3-ns 
rise and fall times). At these edge rates transmission 
line terminating 
procedures 
should be used. 


• 
The 
drivers 
can 
be 
individually 
programmed 
as 


either totem-pole 
or open drain. 
For open-drain 
out- 


puts, the terminating 
voltage 
determines 
VOH. 


• 
All input pins have a minimum 
of 200 mV hysteresis. 


This 
allows 
the 
PALCE16V8HO 
to operate 
more 


robustly 
in noisy environments 
such as buses. 


• 
The PALCE16V8HO 
incorporates 
slew-rate 
limiting 


and multiple 
grounds. 
This reduces 
ground 
bounce 


to levels more common 
in low-power 
devices. 


• 
The PALCE16V8HO 
has n-channel 
pullup 
transis- 


tors. Therefore, 
it is resistant 
to latchup 
caused 
by 


signals on input and I/O pins while Vcc is off, or by 
hot-socketing. 
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L gic Reference Guide 


IN RODUCTION 


Thr ughout this data book and design guide we have 
ass med that you have a good working knowledge of 
logi . Unfortunately, there always comes a time when 
you are called on to remember something which can 
onl 
be found in that logic textbook which you threw 


aw y years ago. 


Thi 
section is intended to provide a quick review and 


refe!ence of the basic principles of digital logic. We will 
cov r three general areas: 


• 
asic logic elements 


• 
asic storage elements 


• 
inary numbers 


Thr ughout the text, we will use the notation that was 
use throughout this book. If you are unfamiliar with the 
syn ax, you will probably find it easy to understand as 
you read; if you wish for a more detailed explanation of 
the ymbols, please refer to the Basic Design with PLDs 
sec ion where they are defined. 


As his is a logic reference only, we cannot take on 
len thy discussions, nor can we train you in the basic 
prin iples of digital logic if you have not previously been 
trai ed. In such a case, we must refer you to your 
fav rite logic textbook. 


BA SIC LOGIC ELEMENTS 


InIt is section, we will discuss the concepts surrounding 
con binatoriallogic functions. 


Th 
Three Basic Gates 


The e are three basic logic gates from which all other 
con binatorial logic functions can be generated. These 
fun lions are NOT, AND, and OR. A truth table indicat- 
ing hese functions is shown in Table 1. Since they can 
be 
sed to generate any function, they are said to be 


fun 
tionally complete. 


T ble 1. Truth Table for the NOT, AND, and OR 


Functions 


A 
B 
fA 
A'S 
A+S 


o 
0 
1 
0 
0 


o 
1 
1 
0 
1 


1 
0 
0 
0 
1 


1 
1 
0 
1 
1 
l 


~ 
Advanced 
Micro 
Devices 


The standard schematic symbols used to represent 
these gates are shown in Figure 1. 


-t>o- 
NOT 


=D- 
AND 


=D- 
OR 
101730- 


Figure 1. Schematics Symbols for the Three 


Fundamental Gates 


The AND and NOT functions can be combined into the 
NAND function. This is equivalent to an AND gate fol- 
lowed by an inverter, as shown in Figure 2a. Likewise, 
the OR and NOT gates can be combined into the NOR 
function, as shown in Figure 2b. Each of these gates is 
functionally complete; any logic function can be ex- 
pressed solely as a function of NAND or NOR gates. 


Precedence of Operators 


Logicfunctions may be created with any combination of 
the three basic functions. How those functions are ex- 
pressed affects the evaluation of the function. The 
normal order of evaluation is: 


This order 
may be altered 
by inserting 
parentheses 
in 


the ~nction. 
The contents 
of the parentheses 
will al- 


way 
be evaluated 
before 
the rest of the expression, 
from left to right. 


A*B+/A* 
A*B+/A* 
A*(B+/A)* 
A*(B+/A)* 
A 
B 
C 
0 
C+D 
(C+D) 
C+D 
(C+D) 
0 
0 
0 
0 
0 
0 
0 
0 


0 
1 
1 
0 
1 
1 
0 
0 


1 
0 
0 
1 
1 
0 
1 
0 


1 
1 
1 
1 
1 
1 
1 
1 


cofmutative, 
Associative, and 


Disyibutive 
Laws 


The {'NO and OR functions 
are commutative 
and asso- 


ciati~e. This means that the operands 
can appear in any 


orde~ without 
affecting 
the evaluation 
of the function. 


This 
s illustrated 
in Tables 3 and 4. 


Table 
3. Commutativity 


I- 
B 
A*B 
B*A 
A+B 
B+A 


1 


0 
0 
0 
0 
0 


1 
0 
0 
1 
1 


0 
0 
0 
1 
1 


1 
1 
1 
1 
1 


I 


A 
B 
C 
(A*B)*C 
A*(B*C) 
(A+B)+C 
A+(B+C) 


0 


I 


0 
0 
0 
0 
0 
0 


0 
1 
1 
0 
0 
1 
1 


1 
0 
1 
0 
0 
1 
1 


1 
1 
1 
1 
1 
1 
1 


There are actually two distributive 
laws; one of them re- 
sembles 
standard 
algebra 
more than the other. These 
two I ws state that: 


A* (B+C) 
(A*B) 
+ 
(A*C) 


A+(B*C) 
= 
(A+B) 
* 
(A+C) 


Duality 


The two distributive 
laws give an example 
of the concept 


of duality. This principle 
states that: 


Any identity will also be true if the following 
substitutions 


are made: 


* for + 
+ for * 
1 for 0 
o for 1 


Thus, it is only necessary 
to prove the first of the distribu- 


tive laws; the second 
one will then be true by duality. 


Note that duality is not required to prove the second law; 
it 
can 
also 
be 
proven 
by 
truth 
table 
or 
by 
logic 


manipu lation. 


Manipulating Logic 


Logic 
functions 
may 
be 
manipulated 
by the 
use 
of 


Boolean algebra. The logic functions 
may be expressed 
in one of the two canonical 
forms, or by using a simpli- 


fied expression. 
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c+nonical 
Forms 


T~ere 
are two fundamental 
canonical 
forms: 
sum-ot- 


mtrterms 
and product-ot-maxterms. 
The former is by far 


the most widespread. 
These are special cases of what 


art~ more generally 
referred to as sum-ot-products 
and 


prbduct-ot-sums 
forms. 
Minterms 
and 
maxterms 
are 


products 
and sums of the variables 
involved 
in a func- 


tioh. 
Each 
particular 
combination 
of noninverted 
and 


inJerted variables 
in a product or sum is given a minterm 


AMo;r1 


or maxterm 
number, 
as shown 
in Table 5. Within 
each 


minterm 
or maxterm, 
the 
individual 
variables 
are re- 


ferred to as literals. 


For the case of sum-of-minterms 
form, the expression 


for a function 
may be found 
by ORing 
the 
minterms 


which correspond 
to the 1's in the function's 
truth table. 


Likewise, 
the product-of-maxterms 
expression 
may be 


found by ANDing the maxterms 
which correspond 
to the 


O's in the truth table. This is illustrated 
in Figure 3. 


Table of Minterms for Three 
Variables 
Table of Maxterms for Three 


Variables 


Minterm 
Name 


Ix·ly· Iz 
mO 


IX·Iy·z 
m1 


Ix·y·/z 
m2 


IX·y·z 
m3 


x·ly·/z 
m4 


x·ly·z 
m5 


x·y·/z 
m6 
x·v·z 
m7 


C nversion Between Canonical Forms 


It i~ a simple matter to convert between canonical 
forms. 


Gi en a truth table for a function 
F, there are four differ- 
en 
representations 
that can be used: 


• 
Sum-of-minterms 
form of F 


• 
Product-of-maxterms 
form of F 


• 
Sum-of-minterms 
form of IF 


• 
Product-of-maxterms 
form of IF 


Maxterm 
Name 


x+y+z 
MO 


x + Y +/z 
M1 


x +Iy + z 
M2 


x +Iy + Iz 
M3 


Ix + Y + z 
M4 


Ix+y+/z 
M5 


IX+Iy+z 
M6 


IX+Iv+/z 
M7 


One can convert 
back and forth between 
these 
repre- 


sentations 
by using the rules shown in Table 6. 


Minterml 
Maxterm 
A 
B 
C 
D 
X 
Y 
Number 


0 
0 
0 
0 
1 
1 
0 


0 
0 
0 
1 
0 
1 
1 


0 
0 
1 
0 
1 
1 
2 
0 
0 
1 
1 
1 
1 
3 
0 
1 
0 
0 
0 
1 
4 
0 
1 
0 
1 
1 
0 
5 
0 
1 
1 
0 
0 
0 
6 


0 
1 
1 
1 
1 
1 
7 
1 
0 
0 
0 
1 
1 
8 
1 
0 
0 
1 
1 
1 
9 


1 
0 
1 
0 
0 
0 
10 


1 
1 
1 
1 
0 
0 
15 


a. Truth Table 


x 
mO+m2+m3+m5+m7+m8+m9 
X 
M1*M4*M6*M10*M11*M12*M13*M14*M15 


Lm 
(0,2,3,5,7,8,9) 
T1M 
(1,4,6,10,11,12,13,14,15) 


= /A 
*/B 
* /C 
* /D 
;mO 
= (A+B+C+/D) 
;M1 


+ /A 
*/B 
* 
C * /D 
;m2 
* (A+/B+C+D) 
;M4 


+ /A 
*/B 
* 
C * 
D 
;m3 
* (A+/B+/C+D) 
;M6 
+ /A 
* B 
* /C 
* 
D 
;m5 
* (/A+B+/C+D) 
;M10 
+ /A 
* B 
* 
C * 
D 
;m7 
* (/A+B+/C+/D) 
;Mll 
+ 
A 
*/B 
* /C 
* /D 
;m8 
* (/A+/B+C+D) 
;M12 
+ 
A 
*/B 
* /C 
* 
D 
;m9 
* (/A+/B+C+/D) 
;M13 
* (/A+/B+/C+D) 
;M14 
Y 
mO+m1+m2+m3+m4+m7+m8+m9 
* (/A+/B+/C+/D) 
;M15 
LID 
(0,1,2,3,4,7,8,9) 
y 
M5*M6*M10*M11*M12*M13*M14*M15 
= /A 
*/B 
* /C 
* /D 
;mO 
rIM 
(5,6,10,11,12,13,14,15) 
+ /A 
*/B 
* /C 
* 
D 
;m1 
+ /A 
*/B 
* 
C * /D 
;m2 
= (A+/B+C+/D) 
;M5 
+ /A 
*/B 
* 
C * 
D 
;m3 
* (A+/B+/C+D) 
;M6 
+ /A 
* B 
* /C 
* /D 
;m4 
* (/A+B+/C+D) 
;M10 
+ /A 
* B 
* 
C * 
D 
;m7 
* (/A+B+/C+/D) 
;Mll 
+ 
A 
*/B 
* /C 
* /D 
;m8 
* (/A+/B+C+D) 
;M12 
+ 
A 
*/B 
* /C 
* 
D 
;m9 
* (/A+/B+C+/D) 
;M13 
* (/A+/B+/C+D) 
;M14 


* (/A+/B+/C+/D) 
;M15 


b. The Sum-of-Minterms Expression 
c. The Product-of-Maxterms Expression 
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Desired Form 


Given Form 
Minterm 
Maxterm 
Inverted Minterm 
Inverted 
Maxterm 
Expansion 
of F 
Expansion 
of F 
Expansion 
of F 
Expansion 
of F 


~ interm 
- 
Maxterm numbers 
List Minterms not 
Maxterm numbers 
e pansion 
are those numbers 
present in F 
are the same as 
a F 
not in the Minterm 
Minterm numbers 


list of F 
of F 


~ axterm 
Minterm numbers 
- 
Minterm numbers 
e pansion 
are those numbers 
are the same as 
List Maxterms not 
o F 
not on the Maxterm 
Maxterm numbers 
present in F 
list of F 
of F 


Slmpllfymg LogiC 


c~nonical 
forms are convenient 
in that it is easy to de- 


riv~ and convert 
them. However, 
the representation 
is 


bulky, 
since all variables 
must appear 
in each sum or 
prGduct. These expressions 
can be simplified 
by apply- 


I 


There 
are four baSIC postulates, 
two of which 
are the 


commutative 
and 
distributive 
laws 
which 
were 
dis- 


cussed 
above. 
From these 
postulates, 
it is possible 
to 


derive 
nine basic theorems. 
The postulates 
and theo- 


rems are listed in Table 7. 


in\; the basic laws and theorems 
of Boolean 
algebra. 


Table 
7. Postulates 
and Theorems 
of Boolean 
Algebra 


F ostulate 
1 
(A) 
X 
+ 
FALSE 
- 
X 


(B) 
X'TRUE 
~ 
x 


ostulate 
2 
(A) 
X 
+ 
IX 
= 
TRUE 
(B) 
X 
• 
IX 
= 
FALSE 
Postulate 3 
(A) 
X 
+ 
Y 
= 
Y + 
X 


(B) 
X'Y 
- 
Y'X 


~ostulate 
4 
(A) 
X 
• 
(Y 
+ 
Z) 
= 
(x'Y) 
+ 
(X'Z) 


(B) 
X 
+ 
(Y'Z) 
~ 
(X 
+ 
Y) • 
(X 
+ 
X) 


Tji1eorem 1 
(A) 
X + 
X 
~ 
X 


(B) 
X 
• 
X 
~ 
X 


Theorem 2 
(A) 
X 
+ 
TRUE 
~ 
FALSE 


(B) 
X'FALSE 
- 
FALSE 


T~eorem 3 
I 
(IX) 
~ 
X 


Theorem 4 
(A) 
X + 
(Y 
+ 
Z) 
= 
(X 
+ 
Y) 
+ 
Z 


(B) 
X • 
(Y'Z) 
~ 
(X'Y) 
• 
Z 


T eorem 5 
(A) 
I 
(X 
+ 
Y) ~ IX 
• 
IY 


(B) 
I 
(X 
• 
Y) 
= 
IX 
+ 
IY 
T eorem 6 
(A) 
X + 
(X 
• 
Y) 
~ 
X 
(B) 
X 
• 
(X 
+ 
Y) 
~ 
X 


T~eorem 7 
(A) 
(X'Y) 
+ 
(X'/Y) 
~ X 
(B) 
(X 
+ 
Y) • 
(X 
+ 
IY) 
~ X 
T eorem 8 
(A) 
X + 
(lx'Y) 
= 
X 
+ 
Y 


(B) 
X 
• 
(Ix 
+ 
Y) 
X'Y 
Theorem 9 
(A) 
(X'Y) 
+ 
(lX'Z) 
+ 
(Y'Z) 
~ (X'Y) 
+ 
(lX'Z) 


(B) 
(X 
+ 
Y) . (IX 
+ 
Z) • 
(Y 
+ 
Z) - 
(X 
+ 
Y)' 
(IX 
+ 
Z) 


~otlce that each theorem 
and postula.'e (with the excep- 
As the logic expression 
is simplified, 
it no longer con- 
. 
. 
. 
lion of theorem 
3) has two forms. This IS a result of the 


duapty principle; 
once one form of a theorem 
is estab- 
lishid, 
the 
dual 
representation 
follows 
immediately. 
Theprem 
3 has no dual because 
it does not involve any 


of the elements 
that have duals (+, '. 1. or 0). 


talns 
mlnterms 
(or 
maxterms), 
since 
some 
of 
the 


minterms 
and literals are being eliminated. 
What was a 


sum-of-minterms 
(product of maxterms) 
representation 


is now 
simplified 
to 
a sum-of-products 
(product 
of 


sums). 


J 
_ 
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De~organ's 
Theorem 
Onc 
an expression 
has been simplified, 
it is no longer 


pos 
ible to invert the function by using Table 6. Inverting 


sim 
lified logic requires 
DeMorgan's 
theorem: 


/(x*y) 
= /x + /y 
/(x + y) = 
/x*/y 


This is theorem 
5 in Table 7. 


The rf3 is one shortcut 
which can be used. The effect of 


inve1rlSioncan be accomplished 
by inverting 
all literals 


and 
hen using the dual representation. 
For example, 


give 
the expression 


/I(A*/B + A*C 
+ 
/A*B*D) 


/~*B 
+ 
/A*/C 
+ A*/B*/D 


(~A + B)*(/A 
+ 
/C)* 
( 
+ /B + /D) 


;step 
one, 
invert 
literals 
;step 
two, 
take 
dual 


This ~xpression 
must still be simplified 
to obtain a sum- 
of-prpducts 
representation, 
but this shortcut 
eliminates 
some of the early steps. 


Ka~aUgh 
Maps: 
Minimizing Logic 


Sim 
lifying by hand by using algebraic 
manipulation 
can 


be a tedious 
and error-prone 
procedure. 
When only a 


few yariables 
are used 
(generally 
less than 
5 or 6), 


Karn.~ugh maps (also called K-maps) 
provide a simpler 


graphical 
means of simplifying 
logic. K-maps not only al- 


low for logic simplification, 
but for logic minimization, 


wherf 
an expression 
has a minimal 
number of product 


term 
(or sum terms) 
and literals. 


A Ka~aUgh 
map consists of a box which has one cell for 


each 
interm. These cells are arranged so that only one 


litera 
is inverted when moving from one cell to an adja- 


cent cell. The headings 
placed by each row and column 


indicate 
the polarities 
of the literals for that row or col- 


umn. ~he literals themselves 
are indicated 
in the top left 


corner of the map. An example 
of a Karnaugh 
map for 


three variables 
is shown in Figure 4. 


A 
C 
B 


I~V"""OfA 
Values of B 


Moving to an 


00 
01 
11 
10 
Adjacent Cell 
Changes the 
Value of one 
Variable only. 


[lGroups Can 
Wrap Around 
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The truth table for a function 
is then transferred 
to the 


K-map by placing the 1's and O's in the appropriate 
cells. 


Since each cell differs from its neighbor only in the polar- 
ity of one of the literals, 
1's in adjacent 
cells can be 


combined 
by theorem 
7a, which says that 


In this manner, 
two product 
terms 
are combined 
into 


one. This procedure 
can conceptually 
be repeated to al- 


low 
groupings 
of two, 
four, 
eight, 
or 
any 
group 
of 


adjacent 
cells whose size is a power of two. A cell may 


appear in more than one group. Just enough groups are 
found to include all of the 1's. The groups 
should be as 


large as possible. 


This process 
provides 
a minimal 
sum of products. 
The 


product-of-sums 
form can be obtained 
by grouping 
O's 


instead of 1's and inverting 
the header for each cell. 


The two functions 
from Figure 3 have been placed 
into 


K-maps 
in Figure 5. The groups 
are then used as indi- 


vidual product 
terms. When 
reading 
the product 
terms 


from the map, the only literals which will appear 
in the 


product term are the ones whose values are constant for 
each cell in the group. 
If that value is 1, then the non- 


inverted form of the literal is used. 
If the value is 0, then 


the inverted form of the literal is used. 


For active-LOW 
functions, 
the same procedure 
is used, 


except that the O's are grouped 
instead of the 1's. The 


active-LOW 
version 
of the functions 
from 
Figure 3 are 


derived 
in Figure 6. 


Hand simplification 
and minimization 
is not needed 
as 


frequently 
today 
as in the past, since software 
is now 


available 
for handling 
these 
logic manipulations. 
Most 


software can perform 
logic simplification 
and minimiza- 


tion automatically. 


IA'IO 


X 
Y 


X 
IA'/S'/O 
Y 
IA'IO 
+ 
A'IC'IO 
+ 
IC'IO 
+ 
S'/C'O 
+ 
IA'/S'/C 


+ 
IA'C'IO 
+ 
A'S'/C 
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A'S'/C'/O 


11 
10 


!B'O 


A'!B'O 


01 
0 
0 


C'O 
A'C 
11 
0 
0 
0 
0 


10 
0 
0 
10 
0 
0 


X 
A'C 
Y 


IX 
C'O 
IV 
C'O 
+ 
IS'O 
+ 
A'O 


+ 
A'C 
+ 
IA'S'O 


+ 
IA'S'/C'/O 
+ 
A'/S'O 
10173D- 
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CO nparison 
and Equivalence: 
the XOR 
~D--XOR 
anc XNOR Gates 


The Exclusive-OR 
(XOR) and Exclusive-NOR 
(XNOR) 
~L>-XNOR 
gate 
are two special 
gates which 
are relatively 
com- 


mon These gates have schematic 
symbols as shown in 
10173D- 
Figu e 7a. They are actually compound 
gates, and can 
a. Schematic 
Symbols 
be ~enerated 
by AND, OR, and NOT gates using the 


func ions: 


A 
B 
A:+:B 
A:*:B 


} 
:+: 
y = 
x*/y 
+ 
/x*y 
;XOR 
gate 
0 
0 
0 
1 


} 
:*: 
y = 
x*y 
+ 
/x*/y 
;XNOR 
gate 
0 
1 
1 
0 


)(OR and XNOR functions 
are actually 
inverses 
of 
1 
0 
1 
0 
The 
1 
1 
0 
1 
eac 
other; that is, 


b. XOR and XNOR Truth 
Table 


:+: 
y = 
/ (x : *: 
y) 


The 
ruth tables for these gates are shown in Figure 7b. 
Figure 
7. The Exclusive-OR 
and Exclusive-NOR 
NotE that the XOR function 
is true if and only if the oper- 
Functions 


and 
are different. 
For this 
reason, 
it is useful 
as a 


com 
arator. The XNOR function 
is true if and only if its 
Some basic properties 
of the XOR and XNOR functions 
ope 
nds 
are the 
same; 
therefore 
it is used 
as an 
are listed in Table 8. 
equi 
alence indicator. 


Table 
8. Properties 
of the XOR and XNOR Functions 


XOR 
XNOR 


x: 
: 0 = x 
x :*: 0 = Ix 


x: 
1 = Ix 
x :*: 1 = x 


x: 
: x = 0 
x :*: x = 0 


x: 
: Ix = 1 
x:*:/x=1 


x: 
: y = y :+: x 
x :*: y = y :*: x 


x: 
: y = :+: z = (x :+: y) :+: z 
x :*: y :*: z 
= (x :*: y) :*: z) 


= x :+: (y :+: z) 
= x :*: (y :*: z) 


x: 
: y = Ix :+: Iy 
x :*: y = Ix :*: Iy 


I ( 
:+: y) 
= Ix :+: y 
I (x :*: y) 
= Ix :*: y 


= x :+: Iy 
= x :*: Iy 
= x :+: y 
= x :+: y 


x: 
: y = x* Iy + IX*y 
x :*: y = x* y + IX*ly 


x :,..; x* y = x*Iy 
x:*:x*y=/x+y 


x: 
: Ix*y = x + Y 
x :*: IX*y = Ix * Iy 


x* 
y :+: z) = (x*y) :+: (x*z) 
x + (y :*: z) = (x + y) :*: (x + z) 


Ix* y :+: z) = (x + y) :+: (x + z) 
Ix + (y :*: z) = (x*y) :*: (x*z) 


Whe n deriving 
equations 
from a Karnaugh 
map, XOR 
The XOR gate can be used as an "UNLESS" 
operator. 
In 
and 
NOR functions 
can usually 
be identified 
by their 
other 
words, 
the 
function, 
A 
= 
X 
:+: 
Y 
can 
be 
char 
cteristic 
pattern. 
Exactly 
what 
the operands 
are 
interpreted 
as: 


may or may not be obvious 
for more complicated 
func- 


"A will have the same value as X UNLESS Y is true." 
tiom . Some examples 
are shown in Figure 8. 


This can be helpful when trying to derive a logic equation 
for a function 
which can be described 
in words. 
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J 
/P'/O'/R 
+ 
P'O'/R 
+ 
/P'O'R 
+ 
P'/O'R 
((IP'/O) + (P'O))"IR 
+ 
((lP'O)+(P'/O))"R 
(P:':O)"/R 
+ 
(P:+:O)"R 
/(P:+:O)"/R 
+ 
(P:+:O)"R 


I = 
(P:+:O):':RI 


P 
R 
0 
S 
00 
01 
11 
10 


00 
0 
0 
0 


01 


11 


10 
0 
0 
0 


K 


K 
/P'/O'S 
+ 
p'O'S 


+ 
P'/O'/S 
((lP'/O) + (p'O))"S 


+ 
P'/O'/S 


Sa ic Storage Elements 


Sto age elements 
provide 
circuits with the capability 
of 


re 
embering 
past conditions 
or events. The prototypi- 


cal 
torage element is just a pair of cross-coupled 
NAND 


gat 
s, as shown 
in Figure 9. These 
elements 
are nor- 


mal y called 
flip-flops. 


In g 
•• 


neral, there are two primary 
classes 
of flip-flops: 


nclockedflip-f1ops, 
or latches 


locked flip-flops 


Flip-flops 
can 
also 
be characterized 
by their 
control 


scheme. There are four types of flip-flops, 
each of which 


can be unclocked 
or clocked: 


• 
S-R 


• 
J-K 
• D 
• T 
The 
discussion 
below 
will 
be 
divided 
between 
un- 


clocked 
and clocked 
flip-flops. 
Each of the four flip-flop 


types will be treated for each section. 


Unclocked Flip-Flops-Latches 


S-R Latches 


An S-R latch can be built out of NOR gates as shown in 
Figure 
10, and behaves 
according 
to the truth table in 


Table 9. 'S' stands for 'set' and 'R' stands for 'reset,' 
as 


suggested 
by the truth table. 


Note that the latch actually 
has two outputs, 
which 
are 


complementary. 
These 
are referred 
to as Q and Q. If 


both Sand 
R are raised at the same time, then both Q 


and Q will be HIGH; although this is physically 
possible, 


it does not make sense if Q and Q are to be complemen- 
tary signals. Thus, this condition 
is not allowed. 


r---------, 
I 
I 
I 
II 
I 
I 
I 
L 
J 


5 
R 
Q+ 


0 
0 
a 


0 
1 
0 


1 
0 
1 


1 
0 
Not allowed 
.l 


The transfer 
funclion 
for this latch can be denved with a 


Karnfugh 
map, 
as shown 
in Figure 
11. By choosing 
a 


eithe 
1's or O's, we can obtain two representations: 


a 
Q+ 
= 
S+/R*Q 
b, 
/Q+ 
= R+/S*/Q 


I 


S a 
S a 


R 
0 
R 
0 


0 
0 
00 
0 


0 
0 
0 
01 
0 
0 


11 
X 
X 
11 
X 
X 


I 


10 
10 


I 
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0+ 
10+ 


a. 0+ = S + /RoO 
b. 10+ = R + Isola 


Waveforms 
illustrating 
the operation 
of the S-R latch are 


show 
in Figure 12. 


There are some applications 
where it is desirable 
forthe 


input data to be effective 
only when 
another 
signal- 


usually called a control 
signal-is 
active. The circuit of 


Figure 
10 can be modified 
to give an S-R latch with a 


control 
input, as shown 
in Figure 
13. The operation 
of 


this circuit is summarized 
in Table 
10 and Figure 14. 


The S-R latch is somewhat 
restrictive, 
since both inputs 


cannot be HIGH at the same time. The other latch types 
are based 
on the S-R latch, but have additional 
logic 


which removes 
the input restrictions. 


r-----------, 
I 
I 


I 
10 
I 
I 
I Q 


I 
I 
L 
J 


Table 10. Truth Table for an 5-R Latch with a 


Control Input 


S 
R 
C 
Q+ 


X 
X 
0 
a 


0 
0 
1 
a 


0 
1 
1 
0 


1 
0 
1 
1 


1 
1 
1 
Not allowed 


D-f:ype Latches (Transparent Latches) 


A 
ingle-input 
latch can be formed by adding some logic 


to he controlled 
S-R latch in Figure 13; this gives rise to 


th 
D-type latch in Figure 15. This latch is often called a 


tra sparent 
latch, since data on the input passes 
right 


th 
ugh to the output 
as long as the control 
input 
is 


HI 
H. II the control 
input 
is set LOW, then the latch 


ho ds whatever 
data was present when the control went 


L 
W. With this type of latch ,the control is usually called 


a 
ate. 


Th 
behavior 
of the D-type latch is shown 
in Table 
11 


an 
Figure 16. 


Th 
basic transfer function for a D-type latch can be de- 


riv d from the Karnaugh 
map in Figure 17. 


r----------, 
I 
I 


D 
S 
0 
0fi 


I 
I 


G 
C 
II 
I Q 
G 
Q 


I 
I 
L __________ 
.J 
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Table 11. Truth Table for a D-Type Latch 


o 
G 
0+ 


X 
0 
0 


010 


1 
1 
1 


0+ = D*G + O*/G 


D 
0 


G 
0 


00 
0 


01 


11 


10 
0 


0+ 


a. 0+ = O*G+ O*/G 


10+ 


b. 10+ = IO*G + 10*/G 


If reCllized exactly as the transfer function 
indicates, 
the 


result is actually 
a glitchy circuit. 


J-K ~atches 


Anot~er 
two-input 
latch can be derived 
from the S-R 


latch as shown 
in Figure 18. This is called a J-K latch, 
and 9perates 
in the same manner as an S-R latch, ex- 
cept ~hat the condition 
where 
both inputs are HIGH is 


now ~lIowed. 
The truth table is shown 
in Table 12; the 


wav 
forms are shown in Figure 19. 


~-U- 


IJ 
F_I_9_u_re_18_._A_J-_K_L_a_t_c_h 
_ 


J 
K 
Q+ 


0 
0 
Q 


I 


0 
1 
0 


1 
0 
1 


1 
1 
Q 


There are still some potential problems 
here for the case 


where J and K are both HIGH. If J and K are left HIGH for 
too long, the output may change 
more than one time; if 


left HIGH forever, the output will oscillate. 
Thus, J and K 


should not be asserted for a time longer than the propa- 
gation delay of the latch. There are also potential 
race 


conditions 
if J and K are not asserted 
and removed 
at 


exactly 
the same 
time. 
If one of the inputs 
is raised 


slightly ahead of the other, it may give the output time to 
react, giving the wrong output once the second 
input is 


raised. The same problem 
can occur if one input is low- 


ered 
slightly 
before 
the 
other. 
This 
is illustrated 
in 


Figure 20. 


There are several ways to derive transfer 
functions 
for 


J-K latches. Two can be derived directly from Kamaugh 
maps, as shown in Figure 21 ; the others are not as obvi- 
ous, and make use of the XOR gate described 
before. 


The basic transfer functions 
are listed in Table 13. 


0+ 
= 
J * 10 
10+ 
= 
IJ* 10 


+ 
IK*O 
+ 
K*O 


0+ 
= 
a 
10+ 
= 
10 
:+: (J* 10 
:+: (J*/O 


+ 
K*O) 
+ 
K*O) 


0+ 
= 
10 
10+ 
= a 
:+: (lJ*/O 
:+: (/J*/O 


+ 
IK*O) 
+ 
IK*O) 


l 


jr-I-------------L-O-9-iC-R-e-fe-r-e-n-ce-G-U-id-e--------------6-.1-5 


1 


...~ 
...~ 


I- 
-I 


tpo OF Latch 


'-.-/ 


0 
0 


r"I 
1 
0 
r--.. 


1 
1 
"-'" 


0+ 


. Q+ = J*/Q + /K*Q 


/0+ 


b./Q+ = /J*/Q + K*Q 


Figure 
21. Karnaugh 
Maps for a J-K Latch 


I 
ToTyr 
Latches 


T-type latches are formed by connecting 
the J and K in- 


putS~bf a J-K latch together 
to form 
a single 
input, as 


sho 
n in Figure 22. This latch has two possible 
func- 


tions 
hold the 
present 
state 
or invert 
the output, 
as 


sum 
arized 
in Table 
14. 
'T' 
stands 
for 
'trigger' 
or 


'togg e' depending 
on who you talk to. That is, when T is 


HIG 
,a 
change 
at the output 
is triggered; 
or, put an- 


othe 
way, raising T causes 
the output to toggle. 


l L.U-+a 
I 
I 
L 
.J 


Table 
14. The Truth 
Table 
for a ToType 
Latch 


: 
I 


This Latch also has the problem that if T is left HIGH for 
too long, the output will oscillate. 
However .since there is 


only one input, the race condition 
problems 
of the J-K 


latch have been eliminated. 
Unfortunately, 
this comes at 


the cost of initialization. 
There is now no way to get the 


output 
into 
a fixed 
state 
without 
knowing 
what 
the 


previous 
state was. Thus, this device is not very useful 


without 
some kind of initialization 
circuit. 


The general waveforms 
for a T-type 
latch are shown in 


Figure 23. 


FroTlhthe Karnaugh 
map in Figure 24, we can generate 


the f lIowing transfer 
functions: 


Q 
= T*/Q 
/Q+ 
= T*Q 
+ 
/T*Q 
+ 
/T*/Q 


= Q:+:T 
/Q+ 
/Q 
:+: 
T 
= /Q:+: 
/T 
/Q+ 
Q 
:+: 
/T 


T 
T 
Q 


0 
0 


0 
0 
(2) 
0 0 


(2) 
0 
0 


Q+ 
fQ+ 


a. a. = T'fO • IT'O 
b. fa. = T'O. 
IT'fO 
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CI eked Flip-Flops 


Lat hes can be modified 
by adding 
a clock input. The 


pu 
se of the clock is to delay any output changes 
until 


the f.lock signal changes. 
Whereas 
latch control 
inputs 
(such as the gate) are level-sensitive, 
clock inputs are 
generally 
edge-sensitive 
(or edge-triggered), 
meaning 


that/output 
transitions 
can occur only when a clock tran- 


sition 
is detected. 
A device 
is classified 
as positive 


edge-triggered 
or negative 
edge-triggered, 
depending 


on whether it responds to the rising or falling edge of the 
clock 
signal, 
respectively. 
The behavior 
to a clocked 


S-R flip-flop 
is illustrated 
in Figure 25. 


The clock provides 
two basic 
advantages. 
It removes 


the hazards inherent 
in the J-K and T flip-flops, 
since all 


inputs will have settled 
by the time the clock edge ar- 


rives, and only one transition 
is possible 
for each clock 


edge. The clock also allows the design of synchronous 
systems, 
where 
all signals 
are coordinated 
with other 


signals. 
The 
entire 
system 
is then 
regulated 
by the 


clock. 


The basic behavior 
of the four flip-flops 
types does not 


change with the addition of a clock; the output changes 
are merely made to wait forthe 
clock edge. Thus, the ba- 


sic transfer 
equations 
for most of the flip-flops 
are the 


same. 
We can indicate 
the clocked 
nature 
of the flip- 


flops by using the "registered" 
assignment 
':=' instead 


of'=.' 


D-Type Flip-Flops 


This is the only flip-flop type whose 
basic transfer 
char- 
acteristic changes, 
because the clock input replaces the 


gate input. Thus the transfer 
equations 
become: 


Q+:= 
D/Q+ 
:= 
/D 


That is, whatever 
data appears on the input will be trans- 
ferred to the output after the next clock edge. The input 
is not changed 
in any way. 


1 
_ 
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l'L 
The s~mPlicity of this flip-flop 
makes 
it the most widely 


used ~lip-flop. However, 
functions 
are sometimes 
more 


conveniently 
expressed 
using 
J-K flip-flops, 
or using 


T-typd 
flip-flops. 
If we 
replace 
the 
D signal 
with the 


transf~r 
function 
for one of the other flip-flop 
types, we 


can then emulate that flip-flop type in the D-type flip-flop. 
This i~ equivalent 
to taking a latch and placing a clocked 


D-tyP~ flip-flop after the latch output for synchronization. 
Figur 
26 illustrates 
how each flip-flop can be emulated 


in aD 
ype flip-flop. The standard 
schematic 
symbols for 


the fli -flop types are also shown. 


Table 15 summarizes 
the transfer functions 
for all of the 


flip-flop 
types. These functions 
can directly 
be used to 


emulate 
a particular 
flip-flop 
type in a D-type flip-flop. 


This can be particularly 
useful since D-type flip-flops 
are 


available 
in most registered 
PLDs. 


Figure 25. Behavior of a Clocked S-R Flip-Flop for Positive (Qp) and Negative 


(Qn) Edge-Triggered S·R Flip-Flops 


AMOit1 


D 
Q 


Clock 
Q 


8. Clocked D-Type Flip-Flop 


r------------------, 
I 
I 
I 
I 
J 
J 
Q 
D 
Q 
Q 
J 
Q 


I 
I 
Q 
I Q 
K 
K 
K 
Q 


I 


Clock 
I 
L__________________ 
J 


b. Clocked J-K Flip-Flop 


r------------------, 
I 
I 


I 
I 


I 
Q 
D 
Q 
Q 
T 
Q 


T 
I 
T 
II 
Q 
I Q 
Q 


I 


Clock 
I 
L__________________ 
J 


c. Clocked T-Type Flip-Flop 


r------------------, 
I 
I 


s 
I 
I 
s 
Q 
D 
Q 
Q 
S 
Q 


I 
I 


R 
T 
Q 
I 
Q 
R 
Q 


I 
Clock 
I 
L__________________ 
J 
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d. Clocked 5-R Flip-Flop 


1AMD 


O-TYpe 
Q+ 
= 
D 
IQ+ 
.- 
ID 


I 
Q+ 
.- 
JO/Q 
IQ+ 
= 
IJO IQ 


+ 
IKOQ 
+ 
KOQ 


Q+ 
= 
Q 
IQ+ 
.- 
IQ 


J-K Type 
:+: (J°/Q 
:+: P-/Q 


+ 
KOQ) 
+ 
KOQ) 


Q+ 
.- 
IQ 
IQ+ 
.- 
Q 


:+: (lJo/Q 
:+: (/Jo/Q 


+ 
IKoQ) 
+ 
IKoQ) 


I 
Q+ 
:= TO/Q 
IQ+: 
= 
r/Q 


+ IrQ 
+ 
!r/Q 


T-~pe 
Q+ 
.- 
Q:+:T 
IQ+ 
= 
IQ :+: T 


Q+ 
= 
IQ :+: IT 
IQ+ 
= 
Q :+:IT 


S-R Type 
Q+ 
= S 
IQ+ 
= 
R 
+ 
IWQ 
+ 
Iso/Q 


Binary Numbers 


The concept 
of a number 
is taken for granted 
by most 


peoPI~1. And most 
people 
equate 
numbers 
in general 


with t e decimal 
system, with which we are most famil- 


iar. H wever, there is nothing particularly 
special about 


the d~cimal 
system; 
the choice 
of system 
is actually 


rather arbitrary. 
History has chosen the decimal system 


for mo t humans. 


For el ctronic 
systems, 
the binary system 
is more ap- 


propriate. 
It makes 
possible 
arithmetic 
and 
logical 


calcul~tions 
that would 
be much 
more difficult-likely 


impraqtical-if 
implemented 
directly 
in a decimal 
sys- 
tem. Olosely 
related to the binary system are the octal 


and hexadecimal 
systems, which will also be discussed 


here. 
frithmetic 
is normally 
performed 
using 
binary 


numb~~s in a computer. 
Octal and hexadecimal 
repre- 
sentatiens 
are generally 
used as a way to "abbreviate" 
what might otherwise 
be lengthy 
binary numbers. 
This 


will be seen when conversion 
is discussed 
below. 


There are several terms which must be defined 
before 


proceeding 
further. 
A number 
is an abstract 
entity 


which 
ijs used 
to describe 
quantity. 
There 
are many 


ways or representing 
a number. Normally, the represen- 


tation 
is designed 
around 
a 
base. 
The 
number 
is 


expressed 
as a sum of multiples 
of the powers 
of the 


base. The decimal 
system 
is a base-10 
system, 
mean- 
ing that 10 is used as the base. The binary 
system 
is 


base-s 
the octal system is base-8; and the hexadecimal 


syste" 
1 is base-16. 
The binary, octal, and hexadecimal 


sYste~s 
are closely 
related because 
8 and 16 are both 


power 
of 2. When 
different 
bases 
are being 
used, a 


numbe 
will often be followed 
by its base in subscript, 
to 


indicat 
I exactly 
what 
the 
base 
is. For example, 
the 


decimal number25would 
be written 2510 if its base were 


in doubt. 


A number can thus be expressed 
in terms of some base 


x as follows: 


anXn+an_1Xn-1+ 
... 
+alx1+aoxo+a-lx-1+ 
... 


+a-mX-m 
(1) 


The 
numbers 
an...a-m are called 
digits. 
The value 
of 


each digit can range from 0 to x-1. 
Each digit is repre- 


sented by a symbol, 
called a numeral. 
X numerals 
are 


required to represent 
a number 
in base x. The most fa- 


miliar numerals 
are the symbols 
'0,' '1,' ...'9.' There are 


ten of them, since they are used for the decimal 
system. 


For binary numbers, 
only '0' and '1' are used; for octal 


numbers, 
the numerals 
'0' through 
'7' are used. Hexa- 


decimal 
numbers 
are 
more 
difficult, 
since 
sixteen 


numerals 
are 
required. 
Therefore, 
the 
numerals 
'0' 


through 
'9' are 
used 
to represent 
the 
quantities 
010 


through 
910; the letters A through 
F are used to repre- 


sent the quantities 
1010 through 
1510. 


The number expressed 
by equation 
1 is normally 
repre- 


sented as a string of digits: 


The digits representing 
negative powers of the base are 


separated 
from those 
representing 
non-negative 
pow- 


ers by a point. In the decimal 
system, 
this is referred to 


as a decimal point; in the binary system, 
it is referred to 


as a binary point. 


There are two basic classes 
of manipulation 
which will 


be discussed: 
conversions 
between 
bases and arithme- 


tic within a base. 


Co 
vertlng 
Between 
Bases 


BaSj-2 
<-> Base-10 


COl']verting 
a binary 
number 
to a decimal 
number 
is 
accOmplished 
by using equation 
1 directly. 


EXjmPle: 


corerting 
110100.0112 
to decimal: 


Y 
= 
110100.011 


1.25 + 1024 + 0.23 + 1.22+ 0.2'+ 
0.20+ 0.2-' + 
1.~2+ 
1.2-3 


f 
32+16+4+.25+.125 
52.375 


When 
converting 
whole 
numbers 
from decimal 
to bi- 
na1. 
the decimal 
number 
is repeatedly 
divided 
by 2. 


IntEjger division 
is used. so the quotients 
are "rounded 


do{n" 
to the next integer. The remainders 
form the dig- 
its 
f the number. 
The least significant 
digit is the first 


on 
calculated. 


Example: 


COlilverting 61,0 to binary: 


6 /2 = 30 
3 /2 = 15 
1 /2 = 7 
72=3 
32=1 
12=0 


remainder 
= 1 


remainder 
= 0 


remainder 
= 1 


remainder 
= 1 


remainder 
= 1 


remainder 
= 1 


6r'o 
=1111012 


w~en 
converting 
a decimal 
fraction 
into a binary frac- 


tiOry.the decimal 
number 
is multiplied 
by 2. This results 


in., whole number and a fraction. The whole number is a 
digit; the procedure 
is repeated on the new fraction. This 
procedure 
is repeated 
until the fractional 
portion is zero. 
If *e 
procedure 
does not terminate, 
then the result is a 


re eating fraction. 
The first digit calculated 
is the most 


sig 
ificant digit. 


Ex mple: 


Co 
verting 
.162510 to binary: 


o 1625.2 
= 0.3250 
03250.2 
= 0.65 
065.2 
= 1.3 
03.2 
= 0.6 
0r[6.2 = 1.2 
02.2 
= 0.4 
0.4.2 = 0.8 
Of8.2 = 1.6 
0.6.2 = 1.2 


whole portion = 0 
whole portion = 0 
whole portion = 1 
whole portion = 0 
whole portion = 1 
whole portion = 0 
whole portion = 0 
whole portion 
= 1 


whole portion = 1 


Here we see that the fraction will repeat, since we have 
already 
multiplied 
0.6 earlier. Thus 


0.162510 = 0.00101001100110011 
...2 


For mixed 
numbers. 
it is necessary 
to calculate 
the 


whole 
and fractional 
portions 
separately. 
Thus. for ex- 


ample. we know that 


61.162510= 
111101.0010100110011...2 


These 
are actually 
general 
procedures 
which 
can be 


used to convert 
a decimal 
number 
into any base. and 


vice versa. 


Examples: 


1. Converting 
321.548 to decimal: 


Y 
= 3.82 + 208'+ 1080+ 508-'+ 4.8-2 


= 192 + 16 + 1 + .625 + .0625 
= 209.6875 


321.548 = 209.6875,0 


2. Converting 
106.1037510 to octal: 


106/8 = 13 
13/8 = 1 
1/8 = 0 


remainder 
= 2 


remainder 
= 5 


remainder 
= 1 


0.1037508 
= 0.83 
0.83.8 
= 6.64 
0.64.8 
= 5.12 


0.12.8 
= 0.96 
0.96.8 
= 7.68 
0.68.8 
= 5.44 


whole portion 
= 0 


whole portion 
= 6 


whole portion 
= 5 
whole portion 
= 0 


whole portion 
= 7 


whole portion 
= 5 


At this point we have enough significant 
digits. We could 


continue 
either until the procedure 
terminated. 
or until 


the pattern started repeating. 
However. 
those last digits 


are not likely to be significant. 
Thus, we can approxi- 


mate by saying that ... 


106.1037510=152.0650758 


3. Converting 
31 F.A2'6 to decimal: 


Y 
= 31F.A2'6 
= 3.162+ 1.16' 
+ 15.160+ 10.16-1+2.16-2 


= 768 + 16 + 15 + 0.625 + 0.0078125 
= 799.6328125 


31F.A216= 
799.632812510 


4. Converting 
7689.10085410 
to hexadecimal: 


7689/16 
= 480 
480/16 = 30 
30/16=1 
1/16 = 0 


remainder 
= 9 


remainder 
= 0 


remainder 
= E 


remainder 
= 1 
,----- 
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I 


~1\M!?4.lt) 
= lJ.U~/~tl4 wnole portion = D 


0.0~7984.16 
= 1.567744 
whole portion 
= 1 


0.5~7744.16 
= 9.083904 
whole portion 
= 9 


0.0 
3904.16 
= 1.342464 
whole portion = 1 


Agai 
,we likely have enough digits at this point. The ex- 
act frjction 
could be either very long or a long repeating 


patte n. For our 
purposes, 
we can 
approximate 
the 


overa I result as: 


7689.~008541O= 
1E09.19D191'6 


Bina~ 
<-> Octal, Hexadecimal 


Converting 
between 
the binary-related 
systems 
is very 


easy. 
he procedure 
consists 
of dividing the binary dig- 


its 
in 0 groups, 
and 
replacing 
each 
group 
with 
an 


appropriate 
digit. For this reason, 
octal and hexadeci- 
mal numbers 
are often 
used 
to shorten 
long binary 


numb 
rs. 


To convert from binary to octal, groupthe 
digits by three, 


startinp on each side of the binary point, and then con- 
vert ~Ch 
group 
of three 
digits 
into its corresponding 


octal 
igit. Leading 
and trailing 
zeroes 
may have to be 


adde 
to the left of the whole portion and the right of the 


fractio 
al 
portion, 
respectively,' 
to 
make 
complete 


group. 
of three binary digits. 
I 
Example: 


Converting 
11011010110101.0010011012 
to octal: 


Divide into groups of three digits: 


011 f11 
010 
110 101 
001 
001 
101 


33265 
115 


Thus 111011010110101.0010011012 
= 33265.1158 


To co~vert from binary to hexadecimal, 
the digits are di- 


vided 
into groups 
of four digits, 
and then given 
their 


corresponding 
hexadecimal 
digits. Again, leading and! 


or trailing zeroes 
may be needed. 


ExamJle: 


Convefing 
100101011101100.1101100012 
to 


decimt 


Divide 
nto groups of four digits: 


0100 11010 11101100 
110110001000 


4 
A 
E 
C 
088 


Thus 1~01 01 0111 011 00.11 011 00012 = 4AEC.D88'6 


To con 
ert from octal or hexadecimal 
to binary, merely 


expan 
each 
digit 
into 
its 
corresponding 
binary 
repres 
ntation. 
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" 
Co 
q 
111 
011 
010 
100 


;j 
4 


011 
100 


Thus 7324.348 = 111011010100.01112 


2. Convert 
1A2.3F516 to binary: 


1 
A 
2 
0001 
1010 
0010 
3 
F 
5 


0011 
1111 
0101 


Thus 1A2.3F516= 110100010.0011111101012 


Binary Arithmetic 


Positive binary arithmetic 
is very simple, and completely 


analogous 
to decimal 
arithmetic. 
However, 
if we are re- 


stricted to positive numbers, 
then we are also restricted 


to addition. We need a means of representing 
negative 


numbers. 
Using a dash '-' is unacceptable 
for represen- 


tation 
in a computer. 
There 
are two general 
schemes 


which can be used. In binary systems, 
they are referred 


to as 15 complement 
and 25 complement 
representa- 


tion, 
although 
they can be generalized 
for any base 


system as diminished-radix 
complement 
and radix com- 


plement 
representation. 


One's Complement 
Representation 


The one's complement 
of a binary number can be calcu- 


lated by inverting 
all of the bits of the number. 
Fractions 


are handled exactly the same way, although 
this is con- 


venient 
only 
for fixed-point 
arithmetic. 
Floating-point 


arithmetic 
requires other methods, 
which will not be dis- 


cussed 
here. 


Example: 


Finding the one's complement 
of 110111.0101 
: 


110111.0101 
001000.1010 
(Inverting 
each bit) 


Thus, 
the 
one's 
complement 
of 
110111.0101 
is 


001000.1010. 


The sign of a number is determined 
by the most signifi- 


cant bit. If the MSB is 0 the number is positive: if the MSB 
is 1, then the number is negative. 
Zero is represented 
by 


all bits being zero. However, 
one normally thinks of zero 


as being its own complement. 
But if we take the one's 


complement 
of zero, 


0000 
1111 


we see that 
1111 
is another 
representation 
of zero. 


Thus, 
in an eight-bit 
representation, 
positive 
numbers 


range from 00000001 
to 01111111; 
negative 
numbers 


range from 10000000 
to 11111110. 
Note that there are 


just as many negative 
numbers 
as positive 
numbers. 


Thi 
eight-bit code allows us to represent the numbers 


fro 
-127 to +127. 


Wh n performing addition with one's complement num- 
bers, it is important to watch for overflow results. 
Wh~never an overflow occurs, a correction must be 
mage by adding 1 to the result. 


In sbme cases, the results of an operation will not be 
me~ningful, since the intended result cannot be repre- 
senfed. For instance, in the eight-bit system above, 
addmg 127 to 127 will give a meaningless result, since 
25~cannot be represented in this system. Thus, the op- 
era ion must be evaluated to ensure that the result is 
me· ningful. 


Ex mples: 


All examples will use 4-bit systems. Thus, the range of 
rep esentable numbers is from -7 to +7. 


Add 3 + 2: 
0011 
+ 
0010 
0101 


3 
+ 
2 


---5- 
result meaningful 


Add 7 + 7 (14 cannot be represented): 


0111 
7 
0111 
_+__ 
7 
1110 
-1 
result 
meaningless 


Subtract 3 from 7: 


0111 
7 


+ 
1100 
+ 
-3 
10011 
overflow - add 1, 


+1 
discard overflow 


0100 
4 
bit 


Subtract 5 from 2: 


0010 
2 
+ 
1010 
+ 
-5 
1100 
-3 
result meaningful 


Subtract 6 from -5 (-11 cannot be represented): 


1010 
-5 
1001 
~ 
10011 
+1 
0100 


overflow - add 1, 
discard overflow bit 
result meaningless 


Subtract 5.25 from 3.5 (fixed point; requires 6 bits): 


0011.10 
3.5 
+ 
1010.10 
+ -5.25 
1110.00 
-1.75 
result meaningful 


Subtract 7 from 7: 


0111 
7 


+ 
1000 
_+__ 
-_7_ 
1111 
0 
one of the 
representations of 0 
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The advantage 
of one's 
complement 
code 
is the fact 
that it is easy to compute the complement. 
However, the 
fact]1 at there are two representations 
for zero is a prob- 
lem. 
In addition, 
the 
results 
of subtraction 
frequently 


hav 
to be adjusted 
for overflow 
by adding 
1. 


TW~'S Complement 
Representation 


The 
o's complement 
of a binary number is more diffi- 


cult 
0 calculate. 
It is generated 
by taking 
the one's 


complement, 
and then adding 
1. Any overflow 
is dis- 


card~d. Fractions 
are again handled 
in the same way, 
althOigh 
1 is added to the least significant 
bit. 


Exa 
pie: 


Findi 
g the two's complement 
of 110111.0101 
: 


110111.0101 
001000.1010 


+1 
001000.1011 


(take one's 
complement) 


Thus 
the 
two's 
complement 
of 
110111.0101 
is 


0010 
0.1011. 


The ~ign of a number 
is again determined 
by the most 
significant 
bit. If the MSB is 0 the number 
is positive; 
if 


the M6B is 1,then the number is negative. Zero is repre- 
sented by all bits being zero. In this case, if we take the 
two's complement 
of zero, we get: 


0000 
1111 


+1 
0000 
(overflow 
is discarded) 


givin 
only one representation 
for zero. 


Thus, 
in an eight-bit 
representation, 
positive 
numbers 
range from 00000001 
to 01111111; 
negative 
numbers 
range 
from 
10000000 
to 11111111. 
This means 
that 


there ~sone more negative 
number than there are posi- 
tive 
~umbers. 
So 
this 
eight-bit 
code 
allows 
us 
to 
repre 
ent the numbers 
from -128 
to +127. 


Additipn 
is handled 
in the same fashion 
as with one's 
comp~ment 
code, 
except 
that when 
an overflow 
oc- 


curs, the overflow 
bit is disregarded. 
No correction 
must 


be m~de to the results. 


After 
ny operation, 
one must still make sure that the re- 
sults 
re meaningful. 


Examples: 


Add 3 + 2: 


0011 
+ 
0010 
0101 


3 


+ 
2 
--5 


Add 7 + 7 (14 cannot 
be represented); 


0111 
7 
+ 
0111 
+ 
7 


1110 
--=2 
result meaningless 


Subtract 
3 from 7: 


0111 
+ 
1101 
10100 


Subtract 
5 from 2: 


0010 


+ 
1011 
1101 


7 
+ 
-3 


4 


2 
+ 
-5 
-3 


overflow 
- discard 
overflow 
bit 


Subtract 6 from -5 (-11 cannot 
be represented): 


1011 
-5 
1010 
+ 
-6 
10101 
---5 
overflow 
- discard 
overflow 
bit result 
meaningless 


Subtract 5.25 from 3.5 (fixed point; requires 6 bits); 


0011.10 
3.5 


+ 
1010.11 
+ -5.25 
1110.01 
-1.75 


Subtract 
7 from 7: 


0111 
+ 
1001 
10000 


7 
+ 
-7 
---0 
overflow 
- disregard 
overflow 
bit 


The benefits 
of two's 
complement 
lie in the fact that 


there 
is only one representation 
for zero, and the fact 


that the results of operations 
never need adjusting 
due 
to overflow. 
The disadvantage 
is the fact that it is harder 


to generate 
the two's complement 
of a number. 


~nal 
Polarity 


The polarity of signals, 
simple as it seems, turns out to 


be a potentially 
confusing 
issue. With such phrases 
as 


pos~ive 
and 
negative 
logic, 
active 
HIGH, 
and active 


L0'f" 
and with one person 
saying 
"asserted," 
another 


saYIng "active," 
and 
another 
saying 
"enabled," 
all of 


Whf:.h mayor 
may not be well defined, 
it is very-difficult 


to 
plain the relationships 
between 
signals. 
This can 


als 
make the generation 
of the design file more difficult. 


In 
n attempt 
to sidestep 
the ambiguities 
in the 
lan- 
gUCl@e,this discussion 
contains 
tables instead of vague 


descriptions. 
The tables 
list the various 
possibilities. 
If 


youlknow 
what you want, you should be able to find how 


to specify your equations 
from the tables. The issues of 


input signal polarity, output signal polarity, and feedback 
Sigtal 
polarity 
are treated 
separately. 


In~ut Pin Polarity 


Ta~le 1 shows the relationships 
between 
the input pin 


names and the use of the input in a Boolean 
equation. 
As ~n example of how this table can be used, if you have 
as gnal called IA on your schematic, 
and you wish for 


the output 
to go HIGH when both IA and B are HIGH, 
the 
from the second row of Table 1, declare the pins as 


IA rd 
B in the design file, and use the equation: 


= IA*B 


Thr basic function 
NB 
has been used throughout 
for 


thelPurpose 
of illustration. 
The same procedure 
holds 


regardless 
of the waveforms 
being used or generated. 


oJtput 
Pin Polarity 


Th~ issue of output polarity is slightly more complicated 
be4ause 
of the issue of active-HIGH 
and active-LOW 


outputs. 
The possibilities 
are shown 
in Table 
2. As an 


example, 
if a signal X is to go LOW only when inputs A 


and B are HIGH, and this function 
is to be implemented 
in an active-HIGH 
device, then from the third row of Ta- 


ble 2, declare the output pin as X in the design file, and 
use the equation: 


x 
= I (A*B) 


Feedback Polarity 


Using feedback 
combines 
some of the polarity issues of 


inputs with some of the polarity 
issues of outputs. 
It is 


more difficult to use a simple example for this type of cir- 
cuit. In Table 3, an output is assumed 
to be fed back to 
itself. The basic principles 
can be extended 
to anyout- 


put feeding 
back to any other 
output. 
The waveform 


shows the output level that is considered 
to be "TRUE," 


or "active." 


As an example, 
if the equation for a pin IX has to contain 


the inverse of the output, the output signal is to be active 
when 
HIGH, and an active-LOW 
device 
is to be used, 


then from the sixth row of Table 3, declare the output pin 
as 
IX 
in the 
design 
file, 
and 
specify 
the 
Boolean 


expression 
as: 


Ix 
: = f 
(A, X) 


meaning 
that 
the 
Boolean 
equation 
uses 
X as 
an 


inputterm. 


Table 1. Input Pin Polarity 


Desired 
Input Pin 
Boolean 
Schematic 
Waveform 
Definition 
Equation 


A ~ 
:8, 
~ 


A,B 
X=NB 


B 


X ~ 


A ~ 
:8, 
~ 


lA, B 
X = fA·B 


B 


X ~ 


A ~ 
:8-' 
~ 


A, B 
X =fNB 


B 


X 
n 


I 


A ~ 
:8-' 
~ 


fA, B 
X=A·B 


B 


X~ 


Desired 
Output Pin 
Boolean 
Device 
Schematic 
Waveform 
Definition 
Equation 
Restriction 


A ~ 


i8 


x 
Active-HIGH 


~ 


X 
X = A'B 
Devices 


E 


B 
X 
IX = I(A*B) 
Active-LOW 
Devices 


X ~ 


A ~ 
8x 


Active-HIGH 


~ 


IX 
IX = A'B 
Devices 


B 
IX 
X = I(A'B) 
Active-LOW 
Devices 


X ~ 


A ~ 


1=8- 
x 


Active-HIGH 


~ 


X 
Devices 


B 
X 
X = I(A*B) 


IX = A'B 
Active-LOW 
Devices 


I 
X 
n 


A ~ 
lBx 


Active-HIGH 


~ 


IX 
IX =/(A'B) 
Devices 


B 
IX 
X = A'B 


Active-LOW 
Devices 


X ~ 


~MD 
Table 3. Feedback 
Signal 
Polarity 


Desired 
Output Pin 
Boolean 
Device 
Schematic 
Waveform 
Definition 
Equation 
Restriction 


A 
X 
Active-HIGH 


I 
xJL 


X 
X =f(A,X) 
Devices 


X 
IX = If(A,X) 
Active-LOW 


I 


Devices 


X 
" 
Active-HIGH 


xJL 


X 
X=f(A,IX) 
Devices 


X 
IX = If(A,IX) 
Active-LOW 
Devices 


x---U- 
X=If(A,X) 


IX = f(A,X) 


X=If(A,IX) 


IX = f(A,IX) 
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Table 3. Feedback Signal Polarity (continued) 


Desired 
Output Pin 
Boolean 


Schematic 
Waveform 
Definition 
Equation 


1- - 
x 


X~ 


IX 
IX = f(A,IX) 
~ 
> 
IX 
X =1f(A,IX) 
- 


Device 
Restriction 


Active-HIGH 
Devices 


Active-LOW 
Devices 


- 
X 
Active-HIGH 
- 


X~ 


Devices 


:> 


IX 
IX = f(A,X) 
r- 
1"'7 
IX 
X = If(A,IX) 
Active-LOW 
- 
Devices 


I - 


IX = If(A,IX) 
X =f(A,IX) 


- 
Active-HIGH 
~- 


~ 


X 
Devices 
xL-' 


IX 
IX = If(A,X) 
~ 
IX 
X = f(A,IX) 
Active-LOW 
- 
r 


Devices 


Glossary 


Advanced 
Micro 
Devices 


10K 
(adj.) 
A family 
of 
ECl 
devices. 
Circuits 
are 


tem~erature 
compensated. 
See also: ECl, 
100K, tem- 


perature 
compensation. 


100~ (adj.) A family 
of ECl 
devices. 
Circuits 
are both 


temperature 
and 
voltage 
compensated. 
They 
have 


lower 
power 
dissipation 
and higher 
speed 
than their 


1OK~ counterparts. 
See also: ECl, 
temperatur.e 
com- 
pen~ation, 
voltage 
compensalion, 
power 
dissipation, 
10Kr- 


A 


actl 
e high 
(adj.) See polarity. 


actl'fe 
low (adj.) See polarity. 


ALS 


1 (adj.) Advanced 
low-power 
Schott.ky TIl 
family. 


Cha~acterized 
as a lower 
power 
version 
of the 
AS 


family, and actually faster and lower power than the lS 
famir. 
See also: AS, lS, 
TIl, 
Schottky 
TIL. 


ANq 1. (adj.) One of the three elementary 
logic func- 


tions!. Result of the AND operation 
is true if and only if all 


oper~nds 
are 
true. 
2. 
(v.t.) 
To 
perform 
the 
AND 


operrtion. 


AS lfdj.) 
Advanced 
Schottky 
TIl 
family. 
High-speed 


verslpns 
of the standard 
Schottky TIl 
family. Generally 


use pxide isolated technology 
for very high speed. See 


also:1Schottky 
TTl, 
TIl, 
oxide isolation. 


assertive 
high 
(adj.) 
Same 
as 
"active 
high". 
See 
polarity. 


ass~rtlve 
low (adj.) Same as "active low". See polarity. 


astable 
(adj.) Describes 
a system which has no stable 
statel. Such a system will oscillate. 
Astable 
circuits can 


be U~Ied to generate 
timing and synchronizing 
clock sig- 


nals. See also: bistable, 
monostable. 


asy 
chronous 
1. (adj.) 
Describes 
a sequential 
logic 
syst 
m wherein 
operations 
are not synchronized 
to a 


com 
n clock. 
2. (adj.) 
Describes 
signals 
whose 
be- 
haviqr and timing are completely 
unrelated 
to a particu- 


lar cl6ck. Such signals can either be random or based on 
another 
clock which 
has a different 
frequency. 
3. (adj.) 
Desoribes 
a communication 
protocol 
whereby 
the tim- 


ing 0 various operations 
is not determined 
by a system 


cloc 
, but 
rather 
by events 
whose 
relationships 
are 
kno 
n, but whose exact timing cannot be precisely 
pre- 
dicte 
. See also: sequential, 
clock, synchronous. 


B 


BCD (n.) Binary 
Coded 
Decimal. 
Decimal 
numbers 
in 


4-bit binary. 


binary 
(adj.) Having only two possible 
states, which can 


be variously 
called on/off, 
I/O, true/false, 
high/low, 
etc. 


bipolar 
(adj.) One of the two basic types of transistor. 
In 


logic design, 
used for TTl, 
ECl, 
and 
12l families. 
See 


also: TTl, 
ECl, 
12l, 
MOS. 


bistable 
(adj.) Describes 
a system 
which 
has 2 stable 


states. Any other state is unstable, 
and will eventually 


change to one of the stable states. A flip-flop 
is the most 


common 
electronic 
bistable 
circuit. 
See also: flip-flop, 


astable, 
monostable. 


bit 1. (n.) Binary 
Digit. One unit of binary 
information 


2. (n.) A measure 
of the storage 
capacity 
of a memory 


chip. See also: binary. 


blank 
(adj.) Describes 
the state of a programmable 
cell 


after manufacturing, 
and before any programming, 
or, in 


the case of an erasable 
device, 
after erasure. 
Opposite 


of "programmed". 
See 
also: 
programmable 
cell, 
pro- 


grammed, 
program, 
erase. 


buffer 
(n.) A logic gate which performs 
the logic identify 


function; 
Le., the input is passed 
through 
unchanged. 


Used to isolate various parts of a system, 
or to provide 


voyage or current amplification. 


chip (n.) A single piece of semiconductor 
material which 


contains 
an integrated 
circuit. Sometimes 
called a die if 


not 
in a package. 
See 
also: 
integrated 
circuit, 
die, 


package. 


clock 
1. (adj.) A signal used to synchronize 
the opera- 


tion of a system. 
2.(adj.) An input to a clocked 
flip-flop. 


The flip-flop 
will not change 
state until an appropriate 


pulse appears 
at the clock input. 3. (n.) A circuit which 


generates 
a clock 
signal. 
4. (v.I.) To pulse 
the clock 
signal or the clock input of a clocked flip-flop. 
See also: 


flip-flop, 
clocked flip-flop. 


clocked 
flip-flop 
(n.) A flip-flop 
that does 
not change 


state until a clock signal is received. 
See also: flip-flop, 


unclocked 
flip-flop, 
clock. 


CMOS (n., adj.) Complementary 
MOS. A type of circuit 


which 
makes 
use of both 
N-channel 
and 
P-channel 


MOSltransistors. 
Many CMOS. lo~ic circuits 
consume 


no pqwerwhen 
not actually 
sWitching. See also: MOS, 
NMOS, 
PMOS, standby 
power. 


com 
Inatlonal 
(adj.) See combinatorial. 


comflnator,a, 
(adj.) Refers to a logic circuit which im- 
plem 
nts logic functions 
of present 
input signals 
only. 
Also 
ailed combinational. 
See also: sequential. 


complement 
1. (adj). Refers to a signal which is identi- 
cal tOIsome reference 
signal, except that it is of opposite 


polarf,Y. Opposite 
of '1rue". 2. (v.t.) To invert. See also: 


true, 
larity, invert. 


com 
lementary 
(adj.) 
Refers to logic device 
outputs 


whicfl 
implement 
identical 
logic 
functions, 
but 
with 


oppo/>ite polarities. 
Used on some 
PlDs 
and ECl 
de- 
vices. See also: polarity, 
PlD, 
ECL. 


decl 
al (adj.) Based on the number 
10. 


die (p.; plural: dice) Same as a chip, particularly 
before 


being placed 
in a package. 
See also: chip, package. 


digi~(n.) 
Any number from 0 to 9. 


DIP 
n.) Dual In-line Package. 
The most common 
inte- 


grat 
d circuit 
package. 
It is rectangular 
in shape, with 


widt Is ranging from .300 inch to .900 inch, and has verti- 
cal ~adS along the length. 
See also: integrated 
circuit, 


pac age. 


disa 
Ie 1. (v.t.) To turn off a three-state 
output. 2. (v.t.) 
To i hibit another function, 
such as "disabling the clock". 


See 
Iso: three-state, 
enable. 


dow1load 
1. (v.t.) To pass data from one machine to a 


less complex 
machine. 
2. (n.) The act of downloading 


data 
See also: upload. 


EC 
(n., adj.) 
Emitter 
Coupled 
logic 
family. 
An ex- 
trerTJllY high-speed 
family of bipolar 
logic and memory 


devices. 
See also: bipolar. 


EEil ell (E2 cell) 
(n.) A floating 
gate cell which can be 


bot 
programmed 
and erased with electrical 
signals. 


EE 
ROM 
(n.) 
Electrically 
Erasable 
Programmable 


Read-Only 
Memory. 
A nonvolatile 
read-only 
memory 


devite 
which 
can be erased 
and reprogrammed, 
both 


witipecial 
electrical 
signals. See also: program, erase, 


EP 
OM, PROM, 
ROM, RAM, nonvolatile. 


ena 
Ie 1. (v.t.) To turn on a three-state 
output. 2. (adj.) 


By it~elf, usually refers to a pin which is used to enable a 
thre~-state 
output. 
Also called "output enable". 3. (adj.) 
User. with other function 
names, indicates 
a qualifier or 


inhi 
itor of the function. 
For example, 
"clock enable" is a 


function 
which 
qualifies 
the clock function. 
4. (v.t.) To 


allow a signal which 
has been disabled 
to function; 
for 


example, 
"enabling 
the clock" 
removes 
any 
restraint 


which 
may disable 
the clock 
signal. 
See also: three- 


state, disable. 


EPROM (n.) Erasable 
Programmable 
Read-Only 
Mem- 


ory. A non-volatile 
read-only 
memory 
device which can 


be erased and reprogrammed. 
Erasure is accomplished 


by exposing 
the die to ultraviolet 
light for a period 
of 


time. Die must be packaged 
in a windowed 
package 
to 


allow 
erasure. 
See 
also: 
program, 
erase, 
EEPROM, 


PROM, 
ROM, RAM, non-volatile, 
windowed 
package. 


erase 
1. (v.t.) To return 
a programmed 
device 
to its 


blank state. Opposite 
of "program". 
2. (v.t.) To return an 


individual 
programmable 
cell to its blank state. See also: 


blank, programmable 
cell, program. 


ESD (n.) Electrostatic 
Discharge. 
The natural 
physical 


event of the transferring 
of electrical 
charges. 
If uncon- 


trolled, ESD can destroy or degrade 
both CMOS and bi- 


polar semiconductor 
devices 
with inadequate 
on-Chip 


protection 
circuitry 
and/or 
insufficient 
packaging 
and 


handling 
protection. 
See also: 
ESDS 
Device, 
CMOS, 


bipolar. 


ESDS Device 
(n.) Electrostatic 
Discharge 
Sensitive 
De- 


vice. A device which 
is sensitive 
to damage 
at certain 


levels of ESD. Three classes exist at ESD levels of up to 
1999 V, to 3999 V and above 4000 V. See also: ESD. 


F 


finite 
state 
machine 
(FSM) (n.) A machine 
which can 


be in one of a finite number of states. Often used for logic 
circuits which sequence 
through 
various 
states. Such a 


circuit is referred to as sequential. 
See also: sequential. 


flip-flop 
(n.) A bistable 
digital circuit. The simplest 
vari- 


ety is called an S-R flip-flop. 
Other types are J-K,T, and 


D-type. 
May be unclocked 
or clocked. 
See also: 
bis- 


table, unclocked 
flip-flop, 
clocked 
flip-flop. 


floating 
gate (n.) A gate on an MOS transistor 
which is 


not connected 
to anything. 
Used to store charge; 
forms 
the basis of UV cells and EE cells. See also: MOS, gate, 
UV cell, EE cell. 


FPGA 
1. (n.) Field Programmable 
Gate Array. A high- 


density 
PlD 
with multiple 
levels of logic and program- 


mable 
interconnect. 
2. (n.) Field 
Programmable 
Gate 


Array. An array of logic gates whose 
configuration 
can 


be programmed 
by the customer. 
The gates are often 


NAND 
gates, 
but can also be NOR gates. 
See also: 


gate, program, 
NAND, NOR. 


FPLA (n.) Field Programmable 
logic 
Array. See PlA. 


FPLS (n.) Field Programmable 
logic 
Sequencer. 
A pro- 


grammable 
logic device which is intended for sequenc- 


ing or state machine 
applications. 
See also: finite state 


machine. 


~AMD 


fun~tlonallY 
complete 
(adj.) Refers to a logic operation 


or group 
of operations 
from which 
any complex 
logic 


funclion 
can be built. The NAND and NOR operators 
are 


functionally 
complete. 
See also: NAND, NOR. 


fUsJ (n.) As used in programmable 
logic, usually refers 


to a lateral 
metal link fuse. See also: lateral fuse. 


fus 
map (n.) A graphic 
representation 
of the contents 


of a PLD. The state of each connection 
(fuse or other 


programmable 
cell) is represented, 
usually with "X" indi- 


cati Ig an intact connection, 
and "-" indicating 
an open 


con 
ection. See also: PLD, programmable 
cell. 


gat 
1. (n.) A fundamental 
logic element. 
The elemen- 
tary 
ates provide 
NOT, AND, and OR logic functions. 
2. (n ) The control terminal 
of a gated D-type latch. See 


also 
latch, gated latch. 


gate array 
(n.) A logic device which consists of an array 


of logic gates 
(usually 
NAND) 
which 
can be intercon- 


nected 
during 
fabrication. 
A custom 
metallization 
pat- 
tern is used to configure 
the desired functions. 
See also: 
gate 
NAND, metallization. 


gate equivalency 
(n.) A rough measure ofthe complex- 


ity o~ a digital 
logic integrated 
circuit. 
Indicates 
the ap- 
pro~mate 
number of discrete 
logic gates that would be 


nee1 


edto implement 
the same function. 
See also: gate. 


gated latch (n.) Generally 
refers to an unclocked 
D-type 


f1ip-flpp which has a control 
signal called a gate. When 


the gr.te is "open", the flip-flop output follows the data in- 
put. fhen 
the gate is "closed", the output holds its cur- 


rent 
tate. Also called a transparent 
latch. See also: flip- 


flop, 
nclocked 
flip-flop, 
gate, latch. 


H 


HAL~evlce 
(n.) Hard Array Logic device. A version of 


a PA 
device which is configured 
during fabrication 
with 


a cu tom 
metallization 
pattern. 
HAL 
is a registered 


trade 
ark of Advanced 
Micro Devices. 
See also: PAL 


device, 
metallization. 


I 
I 


12L(It) (n., adj.) Integrated 
Injection 
Logic. A less com- 


mon ' ipolar logic design technique 
which, when used, is 


foun 
primarily 
in portions of LSI and VLSI circuits. 
See 


also: 
ipolar, LSI, VLSI. 


Integrated 
circuit 
(n.) An electronic 
device which 
has 


man 
transistors 
and other semiconductor 
components 


integ ated onto one piece of silicon. 
Often abbreviated 


IC. 


Invert 
(v.1.) To perform 
the logical 
NOT function 
on a 


digital signal. To reverse the polarity of a digital signal. 
See also: polarity, 
NOT. 


Inverter 
(n.) A logic gate which performs 
logical inver- 


sion, or the NOT operation. 
See also: gate, NOT. 


I/O (Input/Output) 
1. (n.) The methods 
and equipment 


used to pass infonnation 
into and/or out of a system or 


device. 
2. (adj.) On a programmable 
logic device, 
a pin 


which can function 
as an input and/or an output. 


JEDEC 
1. (n.) 
Joint 
Electronic 
Device 
Engineering 


Council. 
A council which creates, 
approves, 
arbitrates, 


and/or 
oversees 
industry 
standards 
for 
electronic 


devices. 
2. (adj.) 
In programmable 
logic, 
refers 
to a 


computer 
file 
containing 
information 
about 
the 


programming 
of a device. 
The file format 
is a JEDEC- 


approved 
standard. 
Used for downloading 
to program- 


mers. See also: program, 
programmer, 
download. 


junction 
Isolation 
(n.) A bipolar integrated 
circuit fabri- 


cation 
technique 
which 
uses 
P-N functions 
to isolate 


transistors. 
This is the original integrated 
circuit technol- 


ogy, and is being supplanted 
by oxide isolation in places 


where 
speed 
is 
critical. 
See 
also: 
oxide 
isolation, 


bipolar. 


Karnaugh 
map (K-map) 
(n.) A graphic tool for minimiz- 


ing sum-of-products 
or product-of-sums 
logic functions. 


Useful for up to six logic variables. 
See also: sum-of- 


products, 
product-of-sums. 


latch 
1. (n.) A type of flip-flop. 
Means different 
things to 


different 
people. 
In general, 
an 
unclocked 
flip-flop. 


Sometimes 
used to refer specifically 
to a gated D-type 


flip-flop. 
2. (v.t.) To capture 
a signal in a latch. See also: 


flip-flop, 
unclocked 
flip-flop, 
gate, gated latch. 


latch 
up (v.t.) To enter the latch-up condition. 
See also: 


latch-up. 


latch-up 
(n.) A condition 
in which a circuit draws uncon- 


trolled 
amounts 
of current, 
and 
certain 
voltages 
are 


forced, or "latched-up" 
to some level. Used especially 
in 
reference 
to CMOS 
devices, 
which 
can latch up if the 


operating 
conditions 
are violated. 
See 
also: 
CMOS, 


latch up. 


lateral 
fuse (n.) A thin metal link which is disconnected 


when programmed. 
Connected 
in the blank state, dis- 


connected 
in the programmed 
state. Usually just called 


a "fuse". See also: program, 
programmed, 
blank. 
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LCC (n.) Leadless 
Chip Carrier. 
A ceramic 
integrated 


circu~ package 
having no leads. Connection 
is made to 


metal contacts 
which 
are flush with the package. 
See 


also: integrated 
circuit, 
lead, package. 


lead I(n.) [led) A metal conductor 
which provides 
a con- 


nectipn from the inside of an integrated 
circuit package 


to thl': outside 
world 
for soldering 
or other 
mounting 


techmiques. 
See also: integrated 
circuit. 


log 1 
array 
(n.) Generally 
an array of programmable 


cells which 
attach 
inputs to logic gates 
of a specified 


type. See also: program, 
gate, programmable 
cell. 


logic 
simulation 
(n.) A means whereby 
a logic design 


can be evaluated 
on a computer 
before actually 
being 


built. The computer 
simulates 
the behavior 
of the com- 


pon 
nts to predict the behavior 
of the overall circuit. 


LS (1dj.) Low-power 
Schottky 
TTL family. Lower power 


versi~n of the standard 
Schottky 
TTL family. See also: 
TIL, 
Schottky 
TTL. 


LSI (!adj.) Large-Scale 
Integration. 
A rough measure 
of 


the cbmplexity 
of a digital circuit. Characterized 
as hav- 


ing 100-5000 
gate equivalents 
for logic chips, or 1 K- 


16 Klbits for memory 
chips. See also: gate equivalent, 


bit, VLSI, SSI, MSI. 


mac 
ocell 
(n.) Typically 
the output cell of a PLD, con- 


taining 
a flip-flop 
and path multiplexers. 


ma~erm 
(n.) A sum in the canonical 
product-of-sums 


form 
Each maxterm 
contains 
every 
input variable, 
in 


eith 
rtrue or complemented 
form. See also: product-of- 


sum 
,true, 
complement. 


metallization 
(n.) The process 
of connecting 
the vari- 


ous blements 
of an integrated 
circuit 
or printed 
circuit 


board by placing a layer of metal over the entire wafer or 
boa~, 
and 
then 
selectively 
etching 
away 
unwanted 


met 
I. A photolithographic 
mask defines the pattern of 


con 
ections. 
See also: integrated 
circuit, wafer, printed 


circuit board. 


mln~erm 
(n.) A product 
in the canonical 
sum-of-prod- 


ucts~orm. 
Each minterm 
contains 
every input variable, 
eith 
r in true or complemented 
form. See also: sum-of- 


prod 
cts, true, complement. 


mOnpllthlC 
(adj.) In the electronics 
industry, 
refers to a 


circ~lt which has been integrated 
onto one semiconduc- 


tor clJip. Integrated 
circuits are monolithic 
by definition. 


See also: integrated 
circuit. 


monostable 
(adj.) Describes 
a system which has 1 sta- 


ble slate. Any other state is unstable, 
and will eventually 


change 
to the stable state. The most common 
monos- 


table circuit is a "one-shot". 
See also: bistable, 
astable. 


MOS (n., adj.) Metal-Oxide-Semiconductor 
transistor. 


One of the two basic types of transistor. 
In logic design, 


used for NMOS, 
PMOS, and CMOS families. 
See also: 


NMOS, 
PMOS, CMOS, 
bipolar. 


MSI (adj.) Medium-Scale 
Integration. 
A rough measure 


of the complexity 
of a digital logic circuit. Characterized 


as having 
10-100 
gate 
equivalents. 
See 
also: 
gate 


equivalent, 
SSI, LSI, VLSI. 


NAND 
(adj.) Not AND. A 
commonly 
used 
logic gate 


which 
is equivalent 
to an AND 
gate 
followed 
by an 


inverter. The NAND logic operation 
is functionally 
com- 


plete.See 
also: 
gate, 
inverter, 
functionally 
complete, 


AND. 


negative 
logic 
(n.) A physical 
implementation 
of logic 


wherein 
a low voltage 
level 
represents 
a logic 
1, or 


'1rue", and a high voltage 
level represents 
a logic 0, or 


'1alse". See also: positive 
logic, polarity. 


NMOS (n., adj.) N-channel 
MOS. A type of circuit which 


makes 
exclusive 
use of N-channel 
MOS 
transistors. 


See also: MOS, PMOS, CMOS. 


non-volatile 
(adj.) Refers to memory 
devices which do 


not lose their contents 
when 
power 
is removed. 
See 


also: volatile. 


NOR (adj.) Not OR. A logic gate which 
is equivalent 
to 


an OR gate followed 
by an inverter. 
The NOR logic op- 


eration is functionally 
complete. 
See also: gate, inverter, 


functionally 
complete, 
OR. 


NOT (adj.) One of the three elementary 
logic functions. 


Unary operation 
whose result is true if and only if the op- 


erand is false. 


OR 1. (adj.) One of the three elementary 
logic functions. 


Result of the OR operation 
is false if and only if all oper- 


ands are false. 2. (v.t.) To perform 
the OR operation. 


OTP 
(adj.) 
One-Time 
Programmable. 
Refers 
to pro- 


grammable 
devices 
which 
are UV-erasable, 
but which 


are not packaged 
in windowed 
packages. 
As a result, 


there is no way to erase the device, 
making 
it program- 


mable only once. See also: program, 
erase, 
UV-eras- 


able, windowed 
package. 


oxide 
Isolation 
(n.) A bipolar 
integrated 
circuit fabrica- 


tion technique 
which 
uses silicon oxide to isolate tran- 


sistors. 
This results 
in higher 
speed 
and density. 
See 


also: junction 
isolation, 
bipolar. 
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package 
(n.) The encasement 
which protects a die and 


prov~ es convenient 
electrical contact to the die. Materi- 


als 
sed are generally 
ceramic 
or plastic 
compounds. 


The e are a variety of shapes 
and sizes. See also: die. 


PA 
. device 
(n.) Programmable 
Array Logic device. A 


PLD which implements 
logic via a programmable 
AND 


Iogi9array 
driving a fixed OR logic array. PAL is a regis- 


tere9 trademark 
of Advanced 
Micro Devices. See also: 
prog am, logic array, sum-of-products, 
PLD, AND, OR. 


PLA (n.) Programmable 
Logic Array. A programmable 


logi 
device 
which 
implements 
sum-of-products 
logic 


via 
programmable 
AND logic array driving a program- 
mab e OR logic array. 
See also: program, 
logic array, 
sum of-products, 
AND, OR. 


PLCC (n.) Plastic Leaded Chip Carrier. A molded plastic 


inte~ated 
circuit 
package 
with leads shaped 
like a "J" 


(J-Ie 
ds). Intended for surface mounting. 
See also: inte- 


grat 
d circuit, 
lead, surface 
mounting, 
package. 


PLD (n.) Programmable 
Logic Device. Generic term for 


a logic device whose function 
can be configured 
by the 


cust~mer 
after purchase. 
See also: program. 


PMqS 
(n., adj.) P-channel 
MOS. A type of circuit which 


makes 
exclusive 
use of P-channel 
MOS transistors. 


see~ISO: 
MOS, NMOS, 
CMOS. 


pola 
ity (n.) Specifies 
the sense of "active" 
and "inac- 


tive", or "true" and "false" in a digital signal. "Active high" 
repr 
sents 
'1rue" as a high signal; 
"active 
low" repre- 


sent 
'1rue" as a low signal. 


poslpve 
logic 
(n.) A physical 
implementation 
of logic 


Wheiin 
a high voltage 
level represents 
a logic 1, or 


'1rue , and a low voltage 
level represents 
a logic 0, or 


''fa Is ". See also: negative 
logic, polarity. 


pow 
r dissipation 
(n.) The amount of electrical 
power 


used!bY a device. Calculated 
as the product of the oper- 


ating voltage and current. 
Measured 
in watts (W) or mil- 


Iiwatt1> (mW), 
as appropriate. 
Sometimes 
incorrectly 


usedlto 
refer to the operating 
current only. 


printed 
circuit 
board 
(PC board, 
PCB) (n.) A board for 


asserbling 
electrical 
components. 
Component 
con- 


nect~' ns are made by metal traces which have bee n fab- 
ricat 
d through a metallization 
process. See also: trace, 
meta Iization. 


prod 
ct-of-sums 
(POS) 
(adj.) 
A representation 
of a 


logic 
unction where the input signals are individually 
in- 
verte~ (if necessary), 
then ORed together 
to form sums 


whiC~ are 
ANDed 
together. 
Any 
combinatorial 
logic 


functipn 
can be represented 
in product-of-sums 
form. 
See also: sum-of-products, 
combinatorial, 
AND, OR. 


product 
tenn 
(ptenn, 
p-tenn) 
(n.) An AND gate in a 


PLD which implements 
sum-of-products 
logic. See also: 


sum-of-products, 
PLD, AND, gate. 


product 
term 
sharing 
(n.) See product 
term steering. 


product 
tenn 
steering 
(n.) A means whereby 
product 


terms in a PAL device can be routed toone 
of two device 


outputs, 
instead of being dedicated 
only to one output. 


Sometimes 
called 
"product 
term 
sharing". 
see 
also: 


product term, PAL device. 


program 
1. (v.t.) As used 
in programmable 
logic, to 


configure 
a blank device so that it can perform some de- 


sired function. 
Applies 
to memory 
and 
logic devices. 


Opposite 
of "erase". 2. (v.t.) To change 
an individual 


programmable 
cell from a blank state to a programmed 


state. 
See 
also: 
blank, 
programmable 
cell, 
pro- 


grammed, 
erase. 


programmable 
cell (n.) Any of a variety of cells which 


can be altered 
by applying 
certain 
electrical 
signals. 


Various types are lateral and vertical fuses, UV cells, E2 
cells, and even RAM cells. All but RAM cells are non- 
volatile. 
See also: lateral fuse, vertical 
fuse, UV cell, E2 


cell, RAM cell, non-volatile, 
volatile. 


programmed 
(adj.) Describes 
the state of a program- 


mable 
cell 
or 
device 
after 
programming. 
Opposite 
"blank". 


programmer 
(n.) A device or machine 
used for config- 


uring, or "programming", 
PLDs or PROMs. 
See also: 


program, 
PLD, PROM. 


PROM (n.) Programmable 
Read-Only 
Memory. 
A non- 


volatile 
memory 
device 
whose 
contents 
are 
pro- 


grammed 
by the customer. 
Once programmed, 
it cannot 


be erased. 
Also functions 
as a PLD with a fixed AND 


logic array which drives a programmable 
OR logic array. 


See also: program, 
erase, 
EEPROM, 
EPROM, 
ROM, 


RAM, non-volatile, 
AND, OR, logic array. 


RAM (n.) Random-Access 
Memory. 
Sometimes 
called 


read/write 
memory. A type of memory device which can 


be written to and read at any time. Such memory is vola- 
tile. Actually a misnomer, 
since most types of memories 


can be accessed 
randomly. 
The distinguishing 
feature 
is the fact that RAM is designed 
specifically 
to be written 


to in normal usage. See also: ROM, volatile. 


RAM cell (n.) A cell which is used make one bit of vola- 
tile memory 
in a RAM. Can also form the basis of a pro- 


grammable 
logic 
connectivity 
array. 
See 
also: 
RAM, 


volatile. 


RO 
(n.) Read-Only 
Memory. 
A nonvolatile 
memory 


devi 
e which 
has its contents 
defined 
when manufac- 


ture 
. No 
changes 
can 
be 
made 
to 
the 
memory 


cont 
nts. See also: PROM, 
EPROM, 
EEPROM, 
RAM, 
nonv 
latile. 


S 


Sch 
ttky TIL 
(adj.) Family of TIL 
devices which make 


use 
f SChottky diodes for higher speed. See also: TIL. 


sec 
rity fuse 
(n.) A PLD feature which allows a user to 


"see 
re" the PLD after programming. 
This prevents sub- 


sequ 
nt copying 
of the contents 
of the PLD. See also: 
PLD, program. 


sem custom 
(adj.) 
Refers to a circuit which 
has been 


parti 
lIy designed 
by the device vendor, and partially de- 


sign 
d, or confil1ured, 
by the customer. 
Primary 
types 


are 
LDs, gate arrays, 
and standard 
cell circuits. 
See 


also: PLD, gate array, standard 
cell. 


seq 
ential 
(adj.) Refers to a logic circuit whose opera- 


tion 
epends both on present input signals and previous 


oper 
tions, or states. 
Requires 
some kind of memory 


(usu 
lIy flip-flops) 
for 
remembering 
past 
states. 
See 


also: flip-flop, 
combinatorial. 


SSI 
adj.) Small Scale Integration. 
A rough measure 
of 


the 
mplexity of a digital logic circuit. Characterized 
as 


havi 
g less than 10 gate equivalents. 
See also: gate 


equi 
alent, MSI, LSI, VLSI. 


stan 
ard cell (n.) A method of designing 
semicustom 
or 
full 
ustom 
circuits 
whereby 
predefined 
cells 
are 


brou 
ht together 
to provide 
the specified 
function. 
Un- 


like 
,ate arrays, 
all fabrication 
steps 
are customized, 
inste 
d of just the metallization 
step. See also: semicus- 
tom, 
ate array, metallization. 


by power 
(n.) The power consumed 
by a device 


whe 
none of the device 
inputs are switching. 
Usually 


use 
in reference 
to CMOS devices, 
many of which con- 


sum 
practically 
no standby 
power. See also: CMOS. 


sum 
of-products 
(SOP) 
(adj.) 
A representation 
of a 


logic function where the input signals are individually 
in- 


vert 
d (if necessary), 
then 
ANDed 
together 
to form 


prod 
cts which 
are ORed together. 
Any combinatorial 
logic function 
can be represented 
in sum-of-products 


form 
See also: product-of-sums, 
combinatorial, 
AND, 


OR. 


surf Ice 
mounting 
(n.) A printed circuit board assembly 


tech 
ique whereby 
the integrated 
circuit packages 
are 


plac 
d on the board with no leads protruding 
through to 


the 
ther side. Packages 
can thus be mounted 
on both 


side 
of the board. See also: printed circuit board, lead, 


thro 
gh-hole 
mounting. 


syn 
hronous 
1. (adj.) Describes 
a sequential 
logic sys- 
tem 
wherein 
all 
operations 
are 
synchronized 
to 
a 


AMD~ 


common 
clock. 
2. (adj.) 
Describes 
signals 
whose 
be- 


havior and timing are synchronized 
to a clock. 3. (adj.) 


Describes 
a communication 
protocol 
whereby 
the tim- 


ing of various 
operations 
is determined 
by a sysfem 


clock. See also: sequential, 
clock, asynchronous. 


temperature 
compensation 
(n.) A circuit feature which 


allows 
some 
electrical 
characteristics 
to remain 
rela- 


tively 
constant 
with 
some 
variation 
in 
operating 


temperature. 


three-state 
(adj.) A type of logic device 
output 
which 


can be in one of three-states: 
HIGH, LOW, and OFF, or 


High-Z (high impedance). 
When enabled (on), performs 


as a normal binary output. When disabled 
(off), acts as 


an open pin. See also: enable, 
disable, 
binary. 


through-hole 
mounting 
(n.) A printed circuit board as- 


sembly technique 
whereby the leads of the various com- 


ponents extend through holes in the board. These leads 
are then soldered 
from the opposite 
side of the board. 


See also: printed circuit board, lead, surface 
mounting. 


trace 
1. (n.) During logic simulation, 
the behavior 
of a 


signal or group of signals. The results can sometimes 
be 


stored in a ''trace file" on disk for later analysis. 
2. (n.) A 


thin layer of metal on a printed circuit board which pro- 
vides connections 
between 
components. 
Performs 
the 


function of a wire. See also: logic simulation, 
printed cir- 


cuit board. 


transparent 
latch 
(n.) See gated latch. 


TRI-STATE~ 
(adj.) 
See three-state. 
TRI-STATE 
is a 


registered 
trademark 
of National 
Semiconductor 
Corp. 


true 
(adj.) Refers to a signal which is identical 
to some 


reference 
signal, 
with the same 
polarity. 
Opposite 
of 
"complement". 
See also: complement, 
polarity. 


TIL 
(adj.) Transistor-Transistor 
Logic family. The most 


widely used family of bipolar logic devices. 
The name re- 


fers to the particular 
circuit design technique 
used. See 


also: bipolar. 


unclocked 
flip-flop 
(n.) A flip-flop that changes 
state as 


soon as the appropriate 
controls 
are applied.See 
also: 


flip-flop, 
clocked 
flip-flop. 


upload 
1. (v.t.) To pass data from one 
machine 
to a 


more 
complex 
machine. 
2. (n.) The 
act of uploading 


data. See also: download. 


UV cell (n.) A floating gate cell which can be erased by 
exposure 
to ultraviolet 
(UV) 
light. 
See 
also: 
floating 


gate, erase. 
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UV-brasable (adj.) Refers to devices or programmable 
celli which can be erased when exposed to ultraviolet 
(UV light for a period of time. See also: programmable 
cell, erase. 


ve~cal 
fuse (n.) A transistor arranged such that the 


emi er and base are shorted together when pro- 
gra 
med. Disconnected in the blank state, connected 


in t e programmed state. See also: program, pro- 
grammed, blank. 


VLSI (adj.) Very Large Scale Integration. A rough meas- 
uret the complexity of a digital circuit. Characterized as 
havi g 5000 or more gate equivalents for logic chips, or 
16K or more bits for memory chips. See also: gate 
equi alent, bit, SSI, MSI, LSI. 


volatile 
(adj.) Refers to memory devices which lose 


their contents when power is removed. See also: non- 
volatile. 


voltage compensation 
(n.) A circuit feature which al- 


lows some electrical characteristics to remain relatively 
constant with some variation in the supply voltage. 


wafer (n.) A round slice of very pure silicon which is 
used in the fabrication of integrated circuits. Several 
circuits can be built on one wafer. See also: integrated 
circuit. 


windowed package (n.) A package which has a quartz 
window inthe lid directly overthe die. This makes it pos- 
sible to expose the die to ultraviolet light for erasing the 
device.See also: erase, die, package. 
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Worldwide Application Support 


I 


The lNorldwide Application Support Group is dedicated 
to m~king sure that the customer's need for technical 
sUP'frt is met. 


It is jhe job of Applications Engineering to ensure that 
the qustomer engineer is familiar with our product line, 
that ~heyhave the information and tools necessary to 
get tre appropriate part designed in, and that they have 
access to technical support throughout the lifetime of 
theirlproduct. 


suprrt 
is provided by two groups: 


Fiel~ 
Applications 
Engineers-With 
Applications 


Engl~eers located in our field sales offices throughout 
the rvorld, our customers always have access to an 
engireer when they have problems or questions, Work- 
ing 'fith Sales, our engineers teach seminars showing 
custpmers how to use our new parts, assist them during 
thei~ design when technical questions come up, and 
provide troubleshooting 
support to 
help eliminate 


Advanced 
Micro 
Devices 


problems which might occur when the design reaches 
production, Call your local Sales Office for an FAE in 
your area, 


Factory Applications 
Support-This 
group, located 


within the factory, 
is 
responsible for 
centralized- 


technical support of all AMD's products. Their duties 
include developing seminars for training of FAEs and 
customers, and hosting the twice yearly Applications 
Conference. They are responsible for the coordination 
of customertraining and giving the factory an insight into 
the customer's point of view. 


Additionally, the Factory Applications Support Group 
provides customer support for technical questions via a 
toll-free number: (800) 222-9323 (listed on the back of 
all databooks). Assistance is available from 7 a.m. to 
5:30 p.m. (Pacific time) Monday thru Friday. Currently 
80% of the questions are answered on the first call, 20% 
within 24 hours. 
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